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BACTERIOPHAGE FOR ITALIAN CHEESE CULTURES 
By George W. Reinbold 
In 1935, Whitehead and Cox issued a warning through the medium of a short publi-
cation in the New Zealand Journal of Science of Technology. Entitled "The Oc-
currence of Bacteriophage in Cultures of Lactic Streptococci," the subtitle "A 
Preliminary Note," in retrospect, was almost ironic. If their note made little 
impression then, it soon became a shout heard 'round the dairy world. Within a 
very few years, workers in the U.S ., Canada, Australia, France, Russia, Great 
Britain, and the Netherlands were showing that failure to attain desired acid 
development during butter and cheese manufacture could be due to starter culture 
lysis by bacteriophage. 
Whitehead and Cox were not guilty of exaggeration when they stated "The impor-
tance of phage action in connection with the problem of vitality in cheese-starters 
can hardly be over-emphasized .•.•• From a practical point of view it is necessary 
to find some method of eliminating the phage or of using an organism immune to 
its action. The isolation of phage-immune varieties seems to offer the greater 
promise of success, and progress has already been made in that direction." Their 
assessment of the seriousness of bacteriophage in the dairy industry could not 
have been more correct. Their suggestion of the possible use of "phage-immune" 
varieties still remains a viable proposal but commercial application has not yet 
been achieved. This condition is what is now known as lysogeny. A lysogenic 
strain of bacteria is capable of multiplying indefinitely in the infected condi-
tion. 
After a period of struggling with the problem, significant advances in phage con-
trol were made after it was shown that phage could be airborne. This simple dis-
covery explained many problems. Then, as pasteurization practices proliferated, 
it became apparent that starter problems may have been masked by use of raw milk. 
Concurrently, as diagnostic procedures improved, it was realized that phage in-
fection was commonplace. The site of the "infection" (as in the mother or bulk 
starter) and the titer or "count" of the phage particles were shown to be con-
trolling factors. 
As might be expected, different countries then went off in different directions 
in search of the cure. All, however, stressed plant sanitation, starter rotation, 
improvement in transfer techniques, and testing of cultures to determine phage-
host relationships. Some turned to the use of large inocula of star ter, not al-
we;ys to the betterment of the finished product. The major difference, though, 
centered about the use of single or multiple strain starters. In relatively re-
cent years, phage resistant media have been developed and perfected and have 
aided greatly in the fight against phage. 
This bit of history has not been offered idlely. Parallels in our problems can 
be plotted. The handwriting is again on the wall and this time we need not call 
on a latter-day Daniel for translation. 
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The Italian cheese industry has grown tremendously and has rar outstripped rod 
and coccus starter culture research. 
Ir milk quality has not greatly improved in recent years, at least milk flora has, 
and not necessarily for the best as regards cheesemaking. Now, the protective 
milk "activity" is not alweys present. We depend more and more upon starter growtln 
and activity. 
Manuracturing plants in the United States have greatly increased in size. In 1950, 
some 517 plants making cheese varieties with Streptococcus thermophilus and ~­
bacillus cultures, produced 178 million pounds of product. In 1970, these plants 
numbered )47, but their total output had increased by )00~. Obviously, make sched-
ules are tighter and more exacting, the total work day is longer, shut-down and 
cleanup may be relegated to those hours when supervision is less stringent. In 
brief, we have moved into a situation where we expect much more from our starters 
and may receive much less i n return . 
In this specific instance, we in industry and research have not kept up with the 
times. There is an evergrowing need to assess our problems and to learn from 
our earlier experiences with the lactic-group streptococci. This approach, un-
fortunately 1 is imperfect. Rod and coccus phages are not bound to behave as do 
the lactic phages. 
Most of the data in the literature deals with the presence of bacteriophages in 
Yogurt, although a few relate to cheese problems. This scant fund or knowledge 
can be summarized rather briefly. 
What can be considered as one of the early references to problems in Yogurt manu-
facture was published as late as 1952. Isolation of phage for Streptococcus 
thermophilus was accomplished but was dirficult because of problems in obtain-
ing plaque formation. What's a plaque? If a film of susceptible bacteria grow-
ing on a semisolid surface is exposed to separate and individual phage particles, 
they infect the innnediate bacteria and produce readily counted cleared or lysed 
circular areas . This is the common procedure for counting phage particles. 
In 195), workers at Iowa State University tested 81 milk and whey samples from 
Swiss cheese plants. They were able to isolate only one strain of phage for S. 
thermophilus even though slow-acid development has been reported. In retrospect 
it appears that their technique, developed for enumeration of lactic phages, was 
not adequate ror the purpose. 
In 1955, Kiuru and Tybeck, in Finland, isolated phages for §_. thermophilus, and 
two different species of lactobacilli used for Swiss cheese manuracture. S. 
thermophilus phage was relatively widespread in their country but the rod phages 
were not. Their demonstration of lactobacillus phages seemingly went unnoticed 
in the industry. In addition to these reports, some coccus phages have been 
found in "soft-cheese" and Gorgonzola cheese wheys. 
Most of the more significant work with coccus phages, so far, has come from Italy, 
with some work reported from France and Germany. Indications are that there are 
morphological differences between coccus and lactic-group streptococcal phages, 
with the §_. thermophilus phages possessing noticeably longer tails. The coccus 
phages apparently show a requirement for calcium ions for replication similar to 
lactic phages. Usual heat treatment or pasteurization of cheese milk would not 
inactivate coccus phages. The literature, erroneously we believe, indicates that 
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~- thermophilus phages have a narrow host range. That is, the majority of phage 
strains will attack o!Lcy single specific bacterial strains and are not likely to 
infect other strains. There have not been enough phages for cheese starter lacto-
bacilli isolated and tested to make any definitive statements. Strong acid {pH 3.0) 
and basic soluti ons {pH greater than ll.O) were effective in destruction. Through-
out most reports, and it must be mentioned again that these reports are few and 
far between, there runs a tacit admission of difficulty in isolation and enumer-
ation of coccus phages. There is an almost complete lack of information concern-
ing rod phages in spite of their equally great economic importance. 
Several years ago, the Marschall Division of Miles Laboratories, Inc., sponsored 
a study of Italian cheese culture phages to be conducted at I owa State University. 
This talk todalf consti tutes a brief, curtailed discussion of a few of our results 
to date. We have been primarily concerned with developing techniques for isolation 
and enumerat i on, for enhancing phage stability during shipping and storage, with 
establishing host strain-phage sensitivity or infectivity patterns, and in deter-
mining the effects of phage on mixed-culture interrelationships. Following our 
preliminary studies, we were then able to initiate a yet uncompleted survey to 
determine the presence of coccus and rod phages in Swiss and Italian cheese plants. 
Our initial approach consisted of modifYing the usual two-layer agar plating tech-
nique. It soon became apparent that we were not recovering many of the phage 
particles that had to be present in our milk and whey cultures. Therefore, we 
determined the effect of filtration {the usual first preparative step) on phage 
particle number. Significant reductions occurred, indicating the necessity of 
devising another approach to phage particle enumeration. A simple procedure us-
ing chloroform was devised to destroy host and contaminating bacterial cells with-
out affecting phage count. This procedure was published in the British journal 
DAIRY INDUSTRIES, 1973, Vol. 38: pages 413-416. It can be easily and effectively 
used in most dairy laboratories. 
The efficacy of this chloroform treatment, we believe, malf be traced back to some 
of the characteristics of ~- thermophilus phage. These phages normally have long 
tails but upon storage may develop what are known as polytails. It is erury to see 
how these tails might impede filtration. Furthermore, ~- thermophilus phages ap-
pear to have remarkable adsorptive powers and tend to attach themselves to each 
other and especially to cellular debris. This, too, would lower their apparent 
numbers. 
Using this simplified technique we were then able to extend our studies into other 
areas. In regard to effect of pH, temperature, and time on ~· thermophilus phage 
when held in whey, we noted considerable difference in sensitivity between strains. 
If ~- thermophilus phage is introduced into a growth medium at pH 6.0 it will pro-
liferate more rapidly than with an initial medium pH of 6. 5 to 7. 0. Then, pH 
values below 5.5 inactivated most particles. Values over pH 7.0 also reduced the 
plaque count. The plaque count decreased more rapidly at 21 C than at 5 C. 
On a practical basis what does this mean? Coccus phages will be more numerous 
at later stages of the make procedure or during early press, depending upon the 
amount and rapidity of growth of the rod culture. Coccus phage should be a lesser 
problem in mixed rod and coccus cultures than in pure coccus cultures. 
Coccus phages in fermenting whey will become inactivated during shipment and stor-
age unless speci al precautions are taken. Plants who participated in our survey 
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received sample bottles containing a specific maleate-calcium carbonate buffer. 
Phage numbers were enriched by the addition of a small inoculum of the specific 
plant cultures. 
Further, we introduced different numbers of coccus phage particles into inoculated 
milk. Large numbers of phage dramatically arrest culture growth; small numbers 
hinder growth, but acid development may proceed reasonably successfully after an 
initial period of retardation. This may offer partial explanation for the frequent 
lack of inhibition of acid development in some plants known to harbor coccus phage. 
In the manufacture of certain low-acid cheeses, a low phage titer may not consti-
tute a major problem. Indeed, in the manufacture of Yogurt and some Italian cheese 
varieties in which coccus and rod are used in essentially equal proportions, slightly 
slower multiplication of the coccus may be effectively masked by acid production 
attributable to the lactobacilli. 
On the other hand, however, we have documented a phenomenon which may be of greater 
concern to the cheese industry. In determining the effect of mixed-strain culture 
lysis on acid production in milk, we noticed that when phage capable of lysing one 
of 'the two coccus strains present was added, significant amounts of acid-production 
stimulation occurred. Larger numbers of phage particles in the initial inoculation 
enhanced the extent of the stimulation. This will not occur with all double mix-
tures of coccus cultures but will occur with selected strains. Why then do we use 
single strain rod and coccus cultures in making Swiss and Italian cheese? Why not 
follow our own national lead as we do with lactic-group streptococci and select 
several compatible strains for inoculation of the bulk starter or the vat milk? 
Following this course, we then made mixtures of single strains of S. lactis, S. 
thermophilus, and a high-temperature Lactobacillus. By introducing the specific 
phages for each host strain and following acid development over l2-hour periods, 
we were able to gather some most provocative data. None of the three individual 
cultures (in the illustration provided), in the presence of a high titer of their 
homologous phages, could produce over O.l% developed acidity calculated as lactic 
acid (expressed hereafter as TA). The three species combined, without phage, pro-
duced slightly over l.Q% TA in l2 hours. When the rod phage was introduced, the 
combined culture produced only about 0.65% TA. With S. lactis phage, 0.9% TA was 
achieved. However, with the same mixture of organisms plus ~· thermophilus phage, 
acid production was noticeably inhibited up to 8 hours. After l2 hours, though, 
the surviving combination had produced over L2% TA. This demonstrates how little 
we know about the ecological balance of mixed cultures. Without adequate testing, 
it would be impossible to determine what had caused these aberrant deviations from 
the norm. Were the contents of the lysed cells stimulatory to the other cultures 
present? We do not know. 
We do not normally attribute an increase in acid production to the presence of 
phage but this example shows that it could happen. 
Finally, the results of our plant survey. We have received starter and whey samples 
frcm 7 Swiss and 3l Italian cheese companies. Whey from these plants has been 
tested against 24 supposedly different ~· thermophilus and l8 Lactobacillus strains, 
all obtained from COilllllercial sources. No less than 27 plants showed phage for S. 
thermophilus (7 of these plants make Swiss cheese, 20 make Italian varieties). -
Only one of the Swiss plant whey samples contained rod phage but l2 Italian plants 
were positive for Lactobacillus phages. 
Of the 24 £• thermophilus strains, 13 were shown to be attacked by phages. With-
out resorting to refined and definitive systems of identification, it appears that 
we have isolated 6 more-or-less specific phage strains. 
Phage interaction studies indicated that we have probably isolated 2 specific rod 
phages. In a separate study, however, we isolated another rod phage from Yogurt. 
The results of this study are inconvertible and incontestable. Phages for Italian 
cheese cultures occur commonly. Their presence can produce anomalous results both 
in fermentation rates and product quality. Because of the relatively wide spectra 
of infectivity of the ~· thermophilus phages, mere random rotation of cultures will 
not suffice as a protective measure . Cooperative efforts between commercial cul-
ture houses to classify their particular cultures would help alleviate possible 
culture rotation problems. 
It should be apparent to all that phages for £· thermophilus strains and ~­
bacillus species and strains will become increasingly important _as the popularity 
and production of Italian cheeses continue to increase. It is hoped that studies 
of this sort may help in the development of necessary control measures. 
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SPECIAL STARTER MEDIA AND COCCUS AND ROD CULTURES 
by Verle W. Christensen 
At the 1971 Marschall Italian Cheese Seminar a great amount of information was 
presented on the need for the correct type of starters for Italian Cheeses. The 
cultures of greatest import ance discussed were Streptococcus thermophilus and 
Lactobicillus bulgaricus. These cultures have long been known for their importance 
in cheese making involving cooking temperatures above 105°F. but only recently 
have they been given a great deal of study by academic researchers and professional 
people. 
Generally it has been shown that for most Italian cheese varieties, the best 
cheese manufactured from the standpoint of a uniform daily manufacturing schedulP., 
moisture control, body and texture, and flavor development is with a culture in 
which the ratio of these two individual strains are maintained in a one- to-one 
ratio. The culture needs to be a healthy culture. One that will perform uniformly 
throughout the complete cheese manufacturing schedule on a day to day basis. 
Although the above goal is easy to set, we find it is not necessarily easy to 
reach. We find these cultures have some common growth characteristics but in many 
ways they are entirely different. This affects their performance patterns for 
cheese making when combined in a mixed culture . 
For example, both cultures grow well at 104°F to 116°F and their primary by-product 
is lactic acid . These two common characteristics are the basis for their use in 
Italian Cheese Manufacturing. However, their particular rate of growth in the mixture 
varies with many factors. Not only are these related to their particular individual 
characteristics but they are also related to the interaction of the two strains when 
grown together. 
When a combination coccus and rod culture performs properly the coccus organism 
multiplies and grows the faster of the two and produces the initial acidity needed 
in the early stages of the cheese making process . The final stages of the process 
are dependent on the growth of the rod which can tolerate and continue to produce 
lactic acid as the pH is lowered below 5.5. 
Let us look now at some of the factors which affect the combined growth of these 
two cultures that could affect their subsequent growth in the cheese vat. 
Relationship of S. thermophilus and L. bulgaricus strain combinations affecting 
culture selecti 
a) Strain Combination Relationship 
A study by Professor George Reinbold at Iowa State University has shown that selected 
strains of S. thermophilus and L. bulgaricus can be either stimulatory or inhibitory 
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when grown together. A summary of twenty strains of S. thermophilus and fifteen 
strains of L. bulgaricus were studied. Coagulation time for the mixed cultures 
was compared with coagulation times of the individual controls . A wide variation 
of times were noted in all trials . In general, a given streptococcus was not stimulated 
equally by all lactobacilli, nor was the reverse true. A strain could be very stim-
ulatory or even inhibitory in a mixture depending on the pair. In this study 
81% of the combinations studied resulted in faster growth than the corresponding 
streptococcus control and 19% of the combination resulted in slower growth. lfhen 
compared to the lactobacillus control, 87% of the combination resulted in faster 
growth and 13% of the combination resulted in slower growth . 
Studies were also made with various combinations to determine the rate of initial 
and final acidity developed over a period of time. Considerable differences were 
noted. This indicated cultures could be selected for various cheeses where dif-
ferences in the rate of acid development is important such as in Swiss cheese and 
Provolone types . 
A research project is presently being conducted to study selected combinations more 
fully as they relate to individual cheese use. 
b) Bacteriophage specificity relationships. 
For many years it was believed that bacteriophage affected only the common lactic 
strains of S. cremoris and S . lactis. During the last five years we have been able 
to develop more sophisticated methods of testing for bacteriophage in coccus and rod 
cultures. Now we have found bacteriophage strains that attack most of the S. thermo-
philus cultures in use by cheese manufacturers. In addition some bacteriophage that 
attack L . bulgaricus cultures have been isolated. I believe Professor George 
Reinbold in his paper presented earlier today covered this in detail . 
With this increased knowledge and with the isolation of bacteriophage strains, it now 
becomes possible to select and characterize coccus and rod cultures based on 
their bacteriophage sensitivity patterns. 
Quality of Milk at the Farm 
This subject has been covered very well in previous papers but again I want to 
emphasize the importance of quality milk for the growth of the starter organisms. 
Milk in which other bacteria have grown to such an extent as to alter its composition 
even slightly can either stimulate or inhibit one or the other, or both culture 
organisms. This can result in an unbalanced starter activity in the cheese vat. 
Quality control of milk starts first at the farm level and not at the plant collect-
ing system level. 
Good Manufacturing Practices in handling milk prior to processing. 
This terminology has probably been overworked but it is important that a good deal 
of emphasis be put on controlling the en t rance and growth of undesirable bacteria 
in the milk once it is collected at the cheese plant . 
It is also important to remember that milk pumped several times at high speeds and 
under pressure can develop rancidity . Rancidity will inhibit or slow up the growth 
of the coccus organisms which are very sensitive to the presence of small amounts 
of some fatty acids . 
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Milk that is stored in large bulk storage tanks that are air agitated can cause 
serious culture and cheese problems if not handled properly. The air filter and 
circulatory system can serve as a seed for bacterial contamination if they are 
not kept clean. The circulated air can provide a source of oxygen in the milk 
for excessive bacteri~l growth; and the air can seed the milk with many bacterio-
phage strains. Plant air is usually heavily laden with many different strains 
which will pass through the common air filters used. 
Water is also a good source of contamination and it is suggested this be checked 
periodically depending on the previous history of purity. 
Control of microorganisms in milk. 
Control of most bacterial growth is accomplished by holding the milk at temperatures 
below 40°F and by properly sanitizing all tanks and equipment before use. Remember 
it is impossible to keep milk in such a state as to prevent entrance of some 
unwanted bacteria, but proper control is important to see that they do not grow 
to competitive growth with the starter organisms . 
Psycrotrophs - bacteria that grow at refrigerated temperatures. 
Much attention has been given to these organisms and their growth pattern in milk, 
especially when it is stored for long periods of time. These organisms can be 
especially damaging to the growth of the coccus organism , as they utilize milk 
fat in their growth thereby releasing undesirable fatty acids. These are as 
inhibitory to the coccus organisms as those released in over-agitation when pump-
ing milk many times, as previous discussed. 
When in large numbers they can also alter the protein in the milk. These products 
can be inhibitory or stimulatory for either strain therefore causing imbalance 
in the combined growth and subsequent acid development in the cheese vat. 
Feeding Practices 
Some cow feeding practices such as reported in my paper last year, can result in 
milk that will develop rancidity rapidly. This can inhibit growth of some culture 
strains as discussed previously. The amino acid requirements of the coc~us organ-
ism are especially numerous and critical for their growth. This can vary with the 
animals' lactation period and on the feed provided during these periods. 
This factor may be increasingly more important as we s ee the milk-feed price 
ratios increase because of high feed prices during 1974. A change to more grass 
and hay feeds and less reliance on protein- grain supplements could affect culture 
growth . 
Antibiotics 
Antibiotics, of course, are undesirable in milk for many reasons. They are 
especially significant in milk used for Italian cheese as they have a serious 
inhibiting effect on the growth of the coccus organisms. This principle is used 
in the commonly used TTC test developed by Professor H. E. Calbert and Associates 
at the University of Wisconsin. In this test the rate of growth of the organisms 
effect the change in color of the dye which is used to indicate the presence of 
antibiotics in small amounts . 
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Antibiotic materials present in milk need not necessarily come from treatment of 
diseases in the cow but can also result from excessive growth of contaminating 
undesirable bacteria in the milk. These bacterial products are very stable once 
produced and are not destroyed during pasterization . 
Viruses - Bacteriophage 
Most microorganisms are susceptible to bacteriophage infection. Because of the 
size and growth of the cheddar cheese industry in the U. S.A. this phase of the 
cheese industry encountered problems first . Now we have found that. this problem 
is becoming of greater importance to the Italian and Swiss cheese manufacturer. 
Greater incidence of failu r es in these cheese plants have been shown t o be caused 
by the bacteriophage infection of the coccus and rod organism and sometimes both. 
The coccus culture is more often a ttacked than the rod which is probably due t o 
a greater number of bacteriophage strains and less specificity for these organisms. 
In the cheddar cheese industry, bacteriophage has for all practical 
purposes been eliminated as a major reason for culture failures. This has been 
accomplished by good sanitation, disinfec tion practices, air control in the plant 
"make" room, specially designed starter rooms, bulk-set culture starters, 
culture rotation schemes, and special starter medias in which bacteriophage will 
not proliferate. 
The use of good sanitation practices for bacteriophage control in Italian cheese 
and Swiss cheese operations has been helpful but not entirely satisfactory. This 
can be understood better when you compare the size of the phage particle to that 
of openings in the commonly used air filter in a cheese plant. This would be like 
comparing a human being passing through a space 50 miles wide and 50 miles high. 
Therefore other means are necessary to insure proper growth of the cultures. 
The problem is perhaps magnified to a greater extent than in cheddar cheese 
cultures because of the symbiotic growth of two very different strains as compared 
to . the multiple strainS. lactic and S. cremor i s lactic cultures. 
Frozen Starter Concentrates. 
The development of nitrogen frozen starter concentrates of individual coccus and 
rod cultures and their combinations have been successful in providing bacterio-
phage-free cultures to the industry. These cultures have also eliminated the need 
for transferring cultures at the cheese plant where bacteriophage infection can 
occur and cultures can become imbalanced because of repeated transfers. 
We have found in our laboratory under very exacting conditions that imbalance can 
occur after several transfers. This has made it necessary to go back to our 
original seed stock to start new combinat ions to insure proper ratios in the final 
cultures as distributed to our customers. 
These frozen concentrated cultures have also allowed for development of more culture 
combinations than were previously available. Therefore, culture rotation schemes 
can now be developed to aid in preventing large bacteriophage build-up in the plant 
by rotating cultures with different bacteriophage sensitivities . 
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Bacteriophage Preventative Methods - THERMOSTARtM 
For five years our product development group, under the capable leadership of 
Harold Rasmussen, has been working on a phage preventative media specifically for 
the coccus and rod cultures. MARSTAR~ and our other similar phage preventative 
media like MSM;M ONE-2-0NE and STARGARD~Mhave done an excellent job in helping 
to eliminate bacteriophage as a serious challenge to cheddar eheesemaking. 
Unfortunately, MARSTAR~ MSM~ ONE- 2-0NE and STARGARDT~ill not properly support 
the growth of eoeeus and rod cultures. Finding a media that would support the 
growth of eoeeus and rod cultures was extremely difficult because each organism 
would react differently in the experimental media . Sometimes the eoeeus would 
grow and the rod would not. Other times it was the exact opposite. Other times 
the balance of the organisms would vary, giving a culture with too high a proportion 
of one or the other. In other eases the cultures would grow in the media but 
would develop acidity very slowly when put back in milk. Many times when the 
culture growth was adequate, the media did not inhibit bacteriophage infection. 
Recently we have encountered a breakthrough in media formulation which allows for 
the growth of the culture combination in the desired proportion depending on the 
acidity developed. Bacteriophage infection has been controlled and has not been 
detected in the medium for the coccus organism . As the rod organism develops 
normally we believe the infection by bacteriophage specific for this organisms 
will also be controlled. We are proceeding to test this principle now that test 
strains have been isolated for specific rod cultures . 
This new, special Starter Media for coccus and rod cultures has been named 
THERMOSTAR~M As the name indicates, it is for high temperature organisms normally 
used in Italian eheesemaklng. It has now been used in the field for over six 
months with success being reported each place where it has been used properly. 
The product is used similar to MARSTARRbut there are some differences of importance 
that should be noted . 
First, eleven parts of powder should be used with 89 parts of water . This gives 
a solids ratio of 11.0%. 
When dissolving the powder it is important that the exact total volume of water 
should be weighed or measured out carefully first. The preferred method of 
adding the THERMOSTART~s by use of a funnel, as this is the best and fastest way 
to get a powder completely into solution . The water should be warmed to 125° - 1300F. 
Some defoamer can be added to prevent foaming of the mixture when the pump is started. 
If the powder is added without a funnel then the water should not exceed 800F. 
Generally the plan~s regular water supply is satisfactory. 
The mixture can be tested to determine if it has been properly prepared by titrating 
a 9ee sample. This is the same acidity test normally used in a cheese plant. 
The desired titration range is 0.50 to 0.56% titratable acidity. If lower than 
0.50 too much water or too little powder is used and if higher than 0.56 the 
reverse is true. 
Heating of the medium should be done as rapidly as possible to 190-1950F and held 
for 40 minutes. It is then cooled to the desired setting temperature of 105°F to llOOF. 
We have also used this medium in the ultra-high temperature short time method of 
heating, with similar good results and have encountered no fallout problems. 
Inoculation of the medium is 
for use with THERMOSTAR~M 
cultures will not produce 
cultures are labeled as 
using these cultures they s 
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1 can - 100-200 gallons 
2 cans - 300 gallons 
4 cans - 500 gallons 
These cultures are presently priced at $3.00 each. 
We have four culture combinations now available and more are being developed for 
use with THERMOSTAR~M 
When using these special 5 oz. cans they should be handled the same as our regular 
concentra ted cul tures. This means they can be distributed in dry ice con t ainers 
or by the ABS system in liquid nitrogen, and s t ored only in approved liquid 
nitrogen tanks or low temperature freezers. 
When using these cultures it is only necessary to thaw the can in cool tap water 
for about five minutes until the contents is loosened from the sides of the can . 
They are then added carefully to the THERMOSTART~tarter media and agitated for 
10-15 minutes. The agitator is stopped and after 30 minutes it is started and 
run for another 10 minutes . This is necessary so that the seed culture is properly 
distributed throughout the complete medium mixture. 
The culture is ripened to a titratable acidity of 1 . 35 to 1.45% . This should give 
a pH of 4.1 to 4.3. Normally this means cooling should start when the acidity 
reaches a total titratable acidity of 1.25 to 1 . 35% as some acidity will be 
developed during the early stages of the cooling process . The final developed 
acidity in the starter should be in the range of 0. 85 to 0. 89%. (Final total 
acidity less the initial acidity of the reconstituted medium before inoculation.) 
We have found that the culture ripening time will be about seven to nine hours 
when ripened at 1Q50F. Other ripening temperatureswill decrease or increase the 
ripening time to some degree depending on the cultures and temperatures used. 
We have now made trials in fifteen or more plants with excellent results. Generally 
the make procedures have been uniform from vat-to- vat and on a day- to- day basis . 
Starter activity can be control l ed by regulating the amount added to the vat 
which gives the cheese manufacturer good control over make times and acidities 
developed. Moisture control is also more easily regulated in the finished cheese . 
It has been observed that the balance of coccus to rod organliRs is uniformly con-
trolled therefore resulting in a good balance of these organisms in the finished 
cheese. As this is related to flavor development in the cheese, on aging, cheese 
flavor is very consistent providing other related factors are normal. 
Bacteriophage for the coccus organism has not been found in a THERMOSTART~ultured 
medium and therefore control of this infection is accomplished allowing for normal 
·activity in the cheese vat. 
The cost of this media is presently lower than that of non-fat dry milk powder. 
Therefore not only does the cheese maker have the advantage of a bacteriophage 
resistant medium but the added advan tage of a lower-priced starter when compared 
to non- fat dry milk media. 
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Other additional advantages besides lower cost have been shown. Generally 15 
to 20% less starter is needed in the cheese vat when THERMOSTART~s used as 
compared to other starter types. Cheese quality has been improved resulting 
in a firmer body and closer textured cheese. Flavor in the arred cheese is 
more uniform which one would expect when the balance of the coccus and rod organisms 
is maintained. 
In most cases we have noticed better cheese yields. However, this may be due to 
the fact that the culture is a healthy balanced culture. Perhaps a similar 
healthy culture grown in other media would perform as well. 
412-A Starter Medium 
Another medium recently developed has been the medium we have simply called 412- A. 
This medium was especially formulated for the growth of bacteriophage-free 
Streptococcus thermophilus cultures. Generally, coccus cultures grown without 
the rod organisms have not performed as well as expected in THERMOSTART~edium. 
Therefore our special 412- A medium was developed especially for the culturing of this 
organism. Additional growth factors are needed primarily because of the amino 
acid requirements mentioned earlier , for this organism. 
When making up 412-A medium it is essential that the proper amounts of 412-A powder 
and water be used. The proper proportion required is 12 parts of powder to 88 
parts of water. This will give a 12% solids mixture. 
The preparation of the mixture is then followed as it is for THERMOSTAR!M Again 
the funnel system of adding the powder is the preferred method . Titratable acidities 
after mixing should be in the range of 0.50 to 0.60%. You do not need a special 
S. thermophilus culture to be used in our 412-A medium . However, concentrated 
cultures are recommended . Inoculation of the media when made with regular concentrated 
Streptococcus thermophilus cultures should be at temperatures of lOOOF. to 105°F. 
The concentrated culture should be thawed and added in the same manner as described 
under the use of THERMOSTAR . ™ 
The cultures should be ripened to a titratable acidity of 1.10 to 1.30% which 
will normally require 10 to 14 hours depending on the activity of the strain 
and the temperature used. 
Fresh transferred cultures may be used if they are free of bacteriophage and in 
an active state of growth . In these cases 0.10 to 0.25% inoculation can be used . 
The accepted titratable acidity range of 1.10 to 1 . 30% can then be reached in 
13 to 15 hours at 100 to l050F. setting temperatures. 
This medium is recommended primarily for use in Italia~ Swiss and Emmenthaler, as 
well as other related types where Streptococcus thermophilus cultures are used 
separately. In cases where the coccus and rod cultures are grown separately, 412-A 
should be used for growth of the coccus organisms only. 
Availability 
A large amount of research work and product development costs have gone into the 
development of the products I have discussed. Now that they are a reality, we 
find it most unfortunate to have encountered some delay in obtaining some of the 
critical supplies needed to formulate these products. Therefore it is necessary 
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to proceed much slower in the marketing of these products than we would like. 
As soon as the raw materials that are presently in short supply, become available, 
our Italian cheese sales department will undoubtedly be in contact with you 
regarding your consideration of these two new products. We trust those of you 
who have inquired abou4 or tried, these products and want to use them in your 
plants will understand our problem. We believe this supply problem will be 
corrected shortly and we can then help you as we have always tried to do in the 
past. 
Thank you for your kind attention . 
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CONTINUOUS FERMENTATION IN PASTA FILATA 
by Prof. Vittorio Bottazzi 
In the pasta filata production a large part is taken by preparations which are 
named: mozzarella, ovuli, scamorze, treece, fior di latte, provature, burrini, 
ecc . 
These products, which were created in Southern Italy and are peculiar for the 
type of milk used, processing techniques and worker's skill, have generated a 
strong production activity, which is concentrated in Northern Italy. 
However, the finished products now have typical industrial characteristics. 
The consumer's interest, for these products, has been surprisingly good and the 
growing demand for such a preparation has concentrated the production in a few 
areas. The new product is good, but very different from the original one. 
In spite of the results already obtained with the industrial production, some 
questions still remain: 
a) time reduction for the whole cheesemaking process 
b) product with constant characteristics (composition, texture, flavour) 
c) longer shelf-life 
Research and experiments are being devoted to the above questions and dairy 
scientists and technologists are operating with different results, which are finally 
tested by every day industrial practice. 
Some ideas have been developed by us which are, from some aspects, very far from 
the traditional mozzarella production procedures and, therefore, we will not debate 
on them in depth. 
I would like to talk on the following subjects: 
1) milk prefermentat i on 
2) continuous ferme ntation and coagulation 
3) wet or dry stretching at different pH 
4) aseptic packaging 
bearing in mind that the industrial mozzarella produced in Italy has the following 
composition: 
Moisture 
ht 
Total Proteins 
(N x 6.38) 
Chemical composition of mozzarella cheese 
57-60 
44-46 
46-47 
g/100 g cheese 
g/100 dry substances 
g/100 dry substances 
Ashes 
Soluble N 
____ x 100 
Total N 
Casein N 
----X 100 
Total N 
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3.8-4.2 g/100 dry substances 
5.5-6.5 
91.5-92.5 
and that the product is distributed in a sealed bag containing whey. 
With continuous fermentation or prefermentation we aim to totally or partially 
obtain the fermentation process (lactic fermentation) which characterises the pro-
duction of mozzarella before coagulation . 
This project requires large and uniform batches of milk, appropriate cultures 
and a suitable technological production line where the fermentor has a primary 
importance. 
The milk for cheesemaking has to be of good quality, without antibiotics or not 
natural inhibitory substances which can interfere with the lactic fermentation 
due to the growth of Streptococci thermophili. 
The milk has to be standardized as far as fat content is concerned, pasteurized 
and kept at low temperature until utilization. 
The lactic fermentation will be performed by lactic thermophilic cultures chosen 
after a study on the following technological characteristics: 
a) capability to produce lactic acid 
b) speed of acid development in single culture and in association 
c) capability to produce acetoin in relation with pH and operative condition 
d) resistance to antibiotics 
e) thermoresistance 
f) proteolityc power and inactivation condition of proteases and peptidases 
The choice is for Streptococcus thermophilus when the production requires a stretching 
at pH 5.80, while for a blend of Streptococcus thermophilus and Lactobacillus 
bulgaricus when the stretching is at pH 5.20 - 5.10. 
Having a suitable culture, the following operative lines can be realized: 
A) Milk prefermentation, in a proper fermentor, with Streptococcus thermophilus 
and Lactobacillus bulgaricus until pH 5.80 with discontinuous unloading, static 
coagulation in proper coagulators, fermentation finishing in the curd and stretch-
ing at pH 5.2Q-5.10. 
B) Milk fermentation with Streptococcus thermophilus, continuous unloading at 
pH 5.90-5.80, continuous coagulation and stretching at pH 5.90-5.80 . 
For sake of simplicity, we will call the first as "line with milk unloading from 
fermentor at regular intervals" and the second as "line with milk continuous unloading 
from fermentor". 
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Both lines, which guarantee a continuous production, allow the transformation 
of large milk quantities in a reduced space and time . 
A) Line with milk unloading from fermentor at regular intervals 
With this s ystem the fermentation cycle is divided in two well defined parts: 
a prefermentation, which is made in liquid milk and a second one, of finishing, 
which takes place in the curd. 
With the phase accomplished in liquid milk, a rapid acid development mainly due to 
Streptococci thermophil! is reached. 
This phase introduces the second because, for instance, the hydrolitic actions on 
proteins and formation of formic acid (Galeslott, Hassing et Veringa (1); Bottazzi, 
Battistotti et Vescovo (2). In the second, L. bulgaricus achieves a higher develop-
ment in comparison with Streptococci. 
The line produces a so-called "acid" mozzarella and to give you an idea of operative 
conditions, I would present the following data: 
1) Amount of milk in the fermentor 
2) Amount of culture inoculated (%) 
3) Milk pH after inoculation 
4) Fermentation temperature (C) 
5) Stirrer speed (rpm) 
6) pH of unloaded milk 
7) Amount unloaded 
8) Added fresh milk at 39 C 
9) Operational condition 
10) Fermentation time for cycle in minutes 
11) pH of fermentor after adding fresh milk 
12) Coagulation pH 
13) Coagulation time in minutes 
14) Stirring time of curd in whey in minutes 
15) pH of pasta at stretching 
16) Type of cultures 
10 
2 
6.45 
39 
100 
5.85 
5 
5 
1:1 
26-28 
6:12 
5 . 80 
5 
35-40 
5.2D-5 . 10 
S. thermophilus and 
L. bulgaricus blend 
The fermentor, obviously, and this is valid for the line B) too, must be equipped 
with a suitable instrumentation for the continuous control of the following parameter s : 
a) milk level 
b) pH 
c) temperature 
d) stirring 
The first unloading from the fermentor has to be done, as previously mentioned, 
when the milk has reached the pH value of 5 . 85. 
This, in our opinion, is the best time to test the following stages of the production 
process: 
The given pH value, to be reached in the milk fermentation before the coagulation, 
finds its justification in the rheological characteristics of curd. 
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Figure 1) reproduces the thromboelastographic diagrams of curd obtained from the 
same milk at different pH and gives a good idea of how pH affects the curd character-
istics. 
The thromboelastographic diagrams were obtained at 35°C from milk with the addition 
of 1% calf rennet solution having activity of 1:250. 
The possibility of curd rapidly reaching the maximum elasticity (given by the maximum 
opening of oscillation) is a function of the fermentation process and is characterized 
by a more rapid sineresis (given by a gradual decrease of the amplitude of the 
oscillation). 
Fig. 1 Thromboelastograms of milk coagulation during 
lactic fermentation. 
pH of milk: 
n. 1 6.20 
n . 2 6.00 
n . 3 5.80 
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The amount of milk to be unloaded, when the pH 5.85 is reached, is a function of 
chosen operating condition. 
Following the above-mentioned conditions it is clear that there is always 1,000 
Kgs of milk in the fermentor and every time 500 Kgs are unloaded, we therefore 
reach an operating condition of 1:1; the remaining 500 Kgs are used as seeding 
culture for the fresh milk coming from the tanks. 
After each loading with fresh milk at 39 C, pH value is 6.12 and goes down to 
5.85 in 26~28 minutes. This means that once again the fermentor has to be unloaded, 
therefore the process proceeds regularly for as long as we desire to bring the 
fermentation cycle forward. 
It is obvious that varying the amount of the milk unloaded, we modify the amplitude 
of interval between the two unloadings because the operating ratio is different 
and, as a consequence, the production capacity is different. 
The milk is unloaded from the fermentor into the coagulation vat; the coagulation 
is static and short. After coagulation, cutting is performed with a following 
stirring in whey for 35~ 40 minutes until a pH of 5.20-5.10 is reached. 
Once this pH is obtained, the whey is drained off and the operations of stretching 
and molding are performed . 
B) Line with continuous unloading of milk from fermentor 
The conditions used are the same for line A) until point 6. Having a con-
tinuous unloading it is clear that also a loading of fresh milk is continuous. 
The optimum conditions are ascertained on the basis of fermentor dimensions 
and unloading flow. 
With this line the coagulation and sineresis are accomplished in milk passing 
through a spiral tube of a given length and diameter. The curd at pH 5.8-5.7, 
once obtained, is cooled and further stretched. The culture used for this 
line is S. thermophilus only. 
A so-called "sweet" mozzarella is obtained, the fermentation step is independent 
from stretching, and a large amount of milk can be transformed using small 
units and the whole process is highly standardized. 
We believe that the development of this system is worthy of great attention 
because of the very interesting technical solutions. 
The second part of my presentation will concern the possibility of producing a 
mozzarella with a longer shelf-life. 
Following the scheme of Figure 2) and the line A) and B), we arrive at the points 
4, 4a, 4b where the stretching operations are run. According to how the process is 
performed, the above- mentioned aim can be realized. 
The stretching of pasta, both "acid" and "sweet" must be performed under such 
conditions that all lactic microflora will be destroyed and that the enzymes will 
be disactivated. 
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Fig. 2 Production line for mozzarella 
1) milk tank 4b) wet 
2) fermentor 5) continuous coagulator 
3) coagula tors 6) curd cooling 
4) stretching 7) molding 
4a) dry 8) packaging 
The mozzarella must have the above-mentioned characteristics and, when eaten, the 
texture must be like that of a product having a "life" of 24 hours. 
In order to satisfy the above-said conditions and for distribution all over the 
country, the product must be very stable, even without refrigeration. 
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The results of our studies show that this can be achieved by choosing a proper 
culture and coagulant. The product can be wet-stretched, as the traditional products, 
or dry stretched according to the new technology. 
The solutions proposed by American researchers, based on the constant level of 
water during the stretching and the application of the microwaves, for dry stretch-
ing, propose very interesting technological developments. 
The application of the microwaves, which act on polar material and in a very 
surprising way on cheese pasta for mozzarella, producing an omogeneous heating 
in all the mass because of a high molecular friction, presents an elegant solution 
which avoids the loss of fat and proteic substances during the stretching. 
For sake of exemplification, we can say that a piece of pasta 8 em high, treated 
with electromagnetic waves having a frequentcy of 2400 MHZ, is brought to 700c 
in 45 seconds. 
The above-mentioned application together with the particular system of fermentation 
described in the first part, is characteristic of a new way to produce mozzarella 
which can only result in an aseptic packaging, with or without whey. 
The scheme of production herein described is based on the following main points: 
a) lactic fermentation before coagulation 
b) culture of lactic bacteria composed of strains having characteristics 
to easily achieve the pasta stabilization 
c) coagulation with enzyme easily thermically denaturated 
d) "acid" or "sweet" mozzarella 
e) dry or wet stretching to achieve bacteriological and enzymatic stabil-
ization 
f) aseptic packaging 
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THE NEW AUTOMATIC PASTA FILATA EQUIPMENT BY SORDI OF LODI, ITALY 
Dr. Augusto Balducci 
In mechanized cheesemaking, pasta filata is no doubt one of the most difficult 
productions. The biggest difficulties are in the stretching and moulding operations 
because of the variety of the technological parameters in relation to the organ-
oleptic characteristics of the final products. 
Pasta filata cheese can be divided in relation to its consistency, moisture per-
centage and storage life in two groups: 
- hard and semi-hard cheese (provolone) 
- soft cheese (mozzarella) 
M. Sordi Company designed two units, named Reinform 55 and Reinform 65, for pasta 
filata continuous and mechanized production with the aim of solving, in the typical 
area of its production, the problem of pasta filata mechanized cheesemaking while 
keeping its typical characteris tics. 
Reinform 55 Unit 
Reinform 55 unit is mainly used for provolone production of long and/or short 
ripening type, and mozzarella production with a moisture percentage up to 55%. 
The whole unit assembles more equipment, each with a precise technological goal. 
Curd, when the right pH (5-5.2) for stretching operation is reached feeds the curd 
mill hopper where a screw pushes it towards the blades which cut it into th in 
slices. 
The curd mill has been particularly designed for a continuous line, where small 
and thin curd portions are required, to get rapidly the stretching temperature 
throughout the curd. 
The functional characteristics of the curd mill are such that no curd drying arises 
at this stage. 
The curd mill carries out as well nhe duty of dosing the curd during the feeding 
stage. 
Curd portions fall directly into the mixing hopper which is supplied with hot 
water at 85/9aoc. Curd, already softened by its fi rst contact with hot water, is 
conveyed by two screws particularly designed to carry out mixing and stretching 
in only one operation . 
Screws operate in a water bath and they are contained in a double-jacketed case 
with hot water circulation to keep stretching temperature cons t ant. 
A screen is placed at the end of the mixing tunnel to make the curd uniform. 
The curd leaves the equipment in a shape of a perfectly stretched cylindrical band. 
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The stretching water gets out the hopper through the overflow and it is first 
stored in a stainless steel vat equipped with filter and then sucked by a pump. 
Drives are electric type with screws speed regulator and control tachometer. 
Speed adjustment is basic to adjust the equipment in relation to the curd to be 
stretched. Different pH values and different water temperatures require obviously 
different stretching speeds. As a matter of fact the lower or higher stretching 
speed adjusts the curd permanence time in hot water. 
The curd band falls directly from the mixing and stretching machine into the hopper 
of the moulding machine where two screws take the curd and send it to the moulding 
drum . 
The moulding drum, made in plastic material, is equipped with holes for different 
shapes and weights in relation to the required cheese . 
A teflon band is tensioned on the rotating drum : drum rotation on the band causes 
the seal of the cheese outer surface . 
A cooling shower makes cheese outlet from the mould easier and keeps cheese shape. 
Moulding operations are carried out with a curd temperature of approx. 600C. 
(140°F.); it is essential to avoid curd cooling in order to obtain a high plasticity 
of the moulds . 
The drum feeding head is double-jacketed for hot water circulation Lu keep curd at 
constant temperature. 
Screws movement is strictly in relation to drum rotation speed and to holes size. 
Therefore a speed variator with hand-wheel drive permits moulding speed control. 
Being the line continuous, it is essential to keep a constant temperature through-
out the process in order to obtain a constant product. 
Therefore a water heater is built-in the unit for water heating and feeding the 
stretching machine. Water temperature is usually around 900C. (195°F.) in a 
ratio: 1:1. 
Reinform 65 Unit 
Reinform 65 is particularly designed for mozzarella production with a high moisture 
percentage. This type of mozzarella is mostly produced in central and southern 
Italy, both with cow and buffalo milk. 
The technical design of this second unit is greatly different from the previous 
unit as the final product has a different physical structure and moisture content 
if compared with the final product obtained by Reinform 55. 
Reinform 65 unit consists of the same equipment of Reinform 55 but differs in some 
functional and constructive details . 
The curd mill has the same characteristics of the 55 mill and the above remarks 
are particularly important and essential when having the goal to obtain a product 
with a high moisture content . 
When reached the optimate stretching pH value of 5.2, curd enters Reinform 65 
unit. 
We point out that usually ripening is carried out under whey and therefore curd 
is particularly soft and moist. 
A lifting conveyor conveys curd portions coming out from the curd mill into the 
hopper of the stretching and mixing machine, thus carrying out both transport 
and constant feed. 
Curd temperature, when entering the mixing/stretching machine under standard working 
conditions, is 30°C. (85°F.) approx., while at the outlet the temperature is 
63/6SOC. (145/1550F.). Therefore thermic increase is 30/35°C. (85/95°F.) approx. 
This temperature is obtained by hot water at 95°C. (205°F.) prepared by a water 
heater. 
Water inlet temperature is controlled automatically by a thermostatic valve which 
operates on the steam in relation to the outlet curd temperature. 
Mixing and stretching are carried out in hot water from curd inlet to curd outlet. 
The mixing section is therefore bigger than the mixing section of Reinform 55 and 
mixing is not by means of screws but by a mixing shaft which allows a higher stretch-
ing of curd fibers so that a higher moisture can be agglomerate in the curd . 
The stretching fat water gets out through the overflow placed on the mixing hopper 
and it is first stored in a vat and then sucked by a pump. 
The cheese band obtained by this line is much more soft and moist. In fact the out-
let temperature is around 63/6SOC. (145/155°F.) in relation to the moisture degree 
of the required product. As a matter of fact under the same permanence conditions 
of the curd into the water, a water higher temperature gives a higher moisture 
to the final product. 
The Reinform 65 unit is equipped with a screws speed variator and a tachometer to 
adjust easily the number of screw revolutions. The curd band goes automatically 
from the stretching machine to a new design moulding machine which gives the cheese 
the required shape and size. 
The basic technical design is essentially different from the 55 moulding machine . 
The cheese is placed in a hopper where two vertical screws convey it from the hopper 
to the moulding drum. Transport is by gravity and the screw duty in this case 
is not to convey but to feed constantly the moulding drum. 
The moulding drum is equipped with holes for different shapes and sizes in relation 
to the required cheese . 
The drum is fixed while a special turning blade softly pushes the cheese into the 
holes. 
A cooling shower is provided for a quick outlet of cheeses from the drum. 
Screws and blade movements are controlled by the speed variator as the feeding 
speed differs in relation to the cheese size of the required production. 
Mozzarella cheeses fall automatically into a cooling vat. 
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Advantages 
The introduction of Reinform 55 and 65 lines has certainly modified pasta filata 
production in Italy. 
Previous mechanization, of discontinuous type, was only a partial solution to pasta 
filata mechanized production. 
The use of big coagulation vats is justified when using Reinform units; the same 
for milk pasteurization, selected cultures use, etc. Besides stretching and 
moulding continuous process made it possible to mechanize other technological 
processings like salting, product cooling, etc. 
As far as salting during mixing and stretching stages is concerned, we obtained 
quite positive results. Many Industries in Northern Italy usually carry out salting 
during mixing stages by injection in the mixing tunnel of brine solutions or by 
using brine solution instead of main hot water during the stretching stage. 
Many researches have been carried out on both directions and the results obtained 
so far permit optimistic forecasts. 
The systems used by our Company showed particularly valid as they solve both 
transport and cooling problems. 
Characteristics of the final product 
When mechanizing pasta filata production, we tried to keep unchanged the typical 
characteristics of the product made by hand. 
As a matter of fact Italian market is particularly sophisticated and we have very 
strict standards. 
The research of the basic technological parameters and their extrapolation on 
continuous mechanized lines has been very difficult. 
Nevertheless the results obtained are satisfactory from an analytical point of 
view. 
Please read on the enclosed table some analytical data of comparison between manual 
and mechanized processings. 
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By Or. K. M. Nilson and Or . J. G. Welch 
Liquid whey has bePn a serious pollution problem but a recent study has shown that 
it can be used successfully as fet•d for dairy a nimals . These resulls indicate that 
it can be taken back to the farm providing a high quality inexpensive source of nu-
trients. Whe y is mostly water (about 93.5%) . The remainder is highly digesLibJe 
feed. Cows will drjnk up to I,QQ lbs. of wlwy per day. This amount is equivalent 
to about 32 lbs. of grain concentrate. Cows have consumed 300 lbs. of liquid whey 
per day for long periods of lime and maintained production in good order. 
In one field s tudy 10 cows have been fed whey for two years and production has been 
as good or better than that of their herdmates . Two cows from this group have been 
s laughtered and all internal organs were normal. During the second year of the study, 
Lhe enLire cooperators herd (110 head) was f ed whey. Again the wlH'y provided a sig-
nificant amount of nutrients and the cows produced well. Seventeen cows in the Uni-
versity of Vermont herd have also b<'en fed whey for 2 years with similar results. 
An additional 32 cows have been fed whey for l year. At the University the feeding 
is accomplished through a SC'parate waterbowl system . Cows have the c hoice of water 
on one side and whey on the other . In most cases after they be orne adnpted to Ll1c 
whey , very little water is consumed. There have been a [(.'W cows, however, that re-
quire water in addition towhey and will become df'hydrared and r,o off fc•ed if water 
is not avail ab I e. Wlu'y runs from a 1 arge storagt> tank to the drinking bowls through 
plastic pipe. The entire system is desLgned for inplace cleaninc similar Lo pipe-
line milking systems. There are basically two methods presenLly used to feed liquid 
whey to dairy animals . One meLhod is to have a storage tank (glass lined or s tain-
less steel) on the farm in which Lhe whey is pumped. The rank can bP elevated or 
air pressure can be used to force the whey through the regular waLer drinking bowl 
system. In some cases 3 separate water bowl system is install~d. If two systems 
are available whey and water will be available at all times. If only one system is 
available whey can be fed a given number of hours per day with the whey then shut 
off and water offered. In loose housing systems large tanks such as used stainless 
steel cheese vats are used . The whey Lruck backs up and unloads the whey di rectly 
inlo the vat or vals. The holding Lanks should he c leaned frequently by scrubbing 
with a good cleaner followPd by a rhorough rinsing. 
When first offered whey, cows do not show much enthusiasm for it. Withholding water 
for inrreasing periods of time a rous~s their interest and they soou ctr c consuming 
signlficant levels. The watt'r lB then offered al l Lbe Lime along with tl>C whey. 
~1ey is not as palnlabl~ as cunrentrate, even to adapted cows . lf lhcy ~trc fed all 
the grain, 1\00J silage and hay Lht>y will e,1t, whPy c:o nsumption wlll b" low. As dry 
concentrate is limited whey consumption will inc1·case. The dry m.,tlf'l. in whey is 
very high qua I i ty fped and will support production well. 
Sweet whey whPn storpd goes through a fermC>ntation process produ c ing acid, not grC'at-
ly unlike silagP fermenLati6n. This may cause some pr oblPms. The Lanks used for 
storage must be acld resistant. Old stainless steel or glass-lined milk Lanks arc 
satisfactory. Palatabillty ls rPduced as the arid increases . Thus wh<'y should be 
supplied fresh as often as possible . Whey stored for long ~eriods of Lir.•e and mixPd 
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with molasses has caused teeth erosion. The most successful operators using whey at 
the present time are having fresh whey delivered daily. 
There is considerable variation in whey from different kinds of cheese manufacture. 
Cheddar whey is the most palatable although some others are about as good . The more 
acid wheys are less palatable. While this study was made using sweet 1<hey adequate 
consumption can be attained feeding acid whey lf it is not over 2 days old. In find-
ing a whey source potential supplies should be checked for excess salt content and 
any other ingredients which could cause trouble. 
Whey has value as a feed for growing stock. Calves should be limited in their con-
sumption but as they reach 400 to 500 lbs. they develop some judgment and can be fed 
free choice with caution. Once the animals are consuming large volumes of whey every 
effort should be made to have it available at all times . In one study hay and whey 
was a very satisfactory ration for heifers past 600 lbs. \Vhey is now being fed to a 
400 cow beef herd with success. If the whey supply runs out for a period of time 
and then fresh whey is delivered, extreme precaution, to prevent over-feeding result-
ing bloating, should be followed. 
In the measured intake trials consumptions have been observed ranging from 411 lbs. 
per day for cows with sharp appetites offered fresh whey to less than 60 lbs. per 
day for 4 day old whey fed to slightly overfed cows. At the higher levels of con-
sumption urine volume is a problem. In conventional housing gutters become full and 
in free stall housing the cows will urinate while lying down increasing the bedding 
replacement problem. These difficulties are not insurmountable but provisions for 
handling them must be made. Calculated on the basis of 6.5% dry matter in the whey 
and 89% of the dry matter as TDN, 100 lbs. of whey has 5.6 lbs . of TDN . The protein 
in dry whey is approximately equivalent to that in a 14;: grain mixture. 1-lith such a 
grain mix valued at $120.00 per ton, each 100 lbs. of liquid whey is worth $0.45 in 
feed replacement value. As there are special procedures involved with whey feeding 
and the problem of excess urine production, chessemakers should not expect this use 
of whey to provide additional income, despite the fact that dairymen "might be inter-
e s ted in feeding it. 
Although the initial investment in a whey feeding system, while not large, is consid-
erable, and anyone considering whey feeding should guarantee his supply before get-
ting too far into the business. If whey can be obtained locally, it can provide an 
economical source of nutrients and at the same time help solve the whey disposal 
problem . 
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PIT BRINING - UNIFORMITY OF PRODUCT, LABOR SAVING AND SPACE SAVING 
by Jake Nelles 
The salting and brining of cheese is one of the most neglected and abused phases 
in the manufacturing process . Over the last few years the manufacturing of 
cheese has become more mechanized compared to 10 to 15 years ago, yet the salting 
phase is lagging behind and is done in the old-fashioned manner. 
When production problems arise, especially during flush seasons or times when the 
cheese plant is producing more than its normal capacity, more cheese is ruined 
through poor, insufficient and improper salting than during any other phase of 
the manufacturing process.Brines are overloaded and too warm due to insufficient 
circulation and cooling . The brine becomes weak because of haphazard methods 
when adding more salt and when dissolving the salt. 
This mistreatment of cheese in the salt brine occurs more often in the production 
of Italian cheeses, especially Mozzarella, than in any other types. Pit Brining 
not only deals with the salting of the cheese, but also with the very important 
immediate cooling after molding of Mozzarella. 
The method called "Pit Brining" enables the manufacturer to salt the cheese 
uniformly and to cool it as rapidly as possible . The brine pit size for the projected 
capacity of a cheese plant will be a large reservoir of cooled and saturated salt 
solution with a depth of 4 to 7 feet. In this pit the entire body of brine is 
used rather than just the top portion as in old-fashioned brine tanks or brine 
vats. The molded Mozzarella is placed in a stainless steel rack on shelves, 
each loaf placed with a space around it, thus enabling the brine to circulate 
entirely around it. It will cool very rapidly, and by the principle of thermo-
dynamics the heat is removed. At the same time the solution will have the same 
strength and concentration in every part of the pit. 
The fact that every loaf of cheese made out of one vat of milk is positioned at 
the same time in a stainless steel rack and submerged into the salt pit, means 
that they will all be cured under exactly the same condition, thus temperature, 
salt concentration and timing are constant for the entire vat of milk. The 
result is uniformity of product. Exact timing for every vat is easily handled 
because the racks are so designed that the production from one vat can be kept 
separate from another vat . Each rack can be labeled and a time chart can be kept. 
In so doing one entire day's production can be immersed in the brine exactly the 
same length of time. This establishes uniform timing of the brining phase. 
Labor Saving 
Pit Brining is also much more convenient and labor saving . The fact that one man 
with a mechanical hoist is able to submerge as much as 2,000 pounds of cheese or 
400 loaves at one time makes for efficient handling of the product . 
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When the cheese is removed from the brine the same method is used, and thus it 
is possible to bring all the cheese of one vat by a dolly to the packaging area. 
Using this method there is no repetitious handling of the cheese. There is no 
need for a man to have to turn it at intervals in the brine so that all the 
cheese is exposed to the brine. 
Space Saving 
A third big savings of the pit brining method is that only a small area is needed 
in the plant. For comparison - in a brine tank the square footage of brine area 
needed for a 20,000 pound vat of milk is approximately 50 square foot. This 
is if the cheese is stacked two loaves deep. In the brine pit we can brine the 
same amount of 14 square foot and separate each loaf, circulating the brine com-
pletely on all sides. By passing the brine constantly through a plate heat 
exchanger it is not necessary to refrigerate the whole brine room. 
The brine pit can easily be installed in an existing plant without interruption 
of production. The pit can be completely in the ground, half submerged, or com-
pletely on top of an existing floor. Ceiling heights are important in determining 
the kind of installation for each plant. The construction can be of concrete 
with a Food and Drug approved Epoxy, or glazed tiles with Epoxy grouting. The 
racks for cheese are stainless steel and can be single or double, to hold six 
pound Mozzarella loaves or 20 pound slabs, or 12 pound salami style. 
The control of temperature, concentration, pH, and purity of the brine can easily 
be completely mechanized and automated. It is up to each individual plant as to 
how elaborate and complete a pit brine system is made. It also depends on how 
much savings a manufacturer wants to realize. Salt can even be purchased in bulk 
and stored in a silo and fed into the salt make-up tank mechanically. In so doing 
the purchase price of salt is lower and there is a minimum of spillage and waste. 
Periodic purification of the brine is simple and inexpensive since the brine can 
be pasteuri zed through the plate heat exchanger which is normally used for cooling . 
A word of caution. There are several major principles and factors involved in the 
installation. Without these the pit brining method will not func tion advantageously. 
Much experimentation has gone into this development, and through experience we 
are able to offer today a workable, proven system. 
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MECHANIZATION OF CURD HANDLING FROM THE MAKE VAT 
(CURD AND WHEY) TO THE DICER/MIXER 
By A. J. Stappard 
Because of the intensely varied nature of cheeses manufactured and 
consumed throughout the world, considerable ingenuity has been 
employed by cheesemakers and by engineers for cheesemakers, to simplify 
the important step of conversion of curd and whey to a fused mass of 
curd, which is developed in acidity, controlled in moisture and in 
texture , and ready for introduction to the next processing phase. 
So wide is this range of cheese that each particular type of 
mechanization appears to have been developed especially for one 
particular type of curd. 
In Australia, the thrust of cheese mechanization development has been 
slanted towards the manufacture of a long hold cheddar cheese, because 
this was the type of cheese production which predominated in that 
country at the time of development, and still does. 
We respectfully suggest that the equipment to be described in this 
paper is ideally suited as well to the manufacture of Mozzarella and 
Provolone types of cheeses. We have tended to class this equipment as 
continuous, in contrast to the traditional batch systems. 
The equipment we know as the "Bell Siro Cheesemaker 2" was developed 
by a combination of the Commonwealth Scientific & Industrial Research 
Organization and the James Bell Machinery Company of Melbourne, 
Australia (later to become Bell Bryant Pty. Ltd.). The former body 
which is a government funded research organization is known throughout 
the scientific world as CSIRO and the simple abreviation of the name 
led to a joining of both Bell and CSIRO producing Bell-Siro. The 
leader of the cheese mechanization group at CSIRO was, and still is, 
Mr. J. (Joe) Czulak, known to cheesemakers all over the world. 
We term the equipment used for cheddaring, our "Cheesemaker 2," to fit 
in with arbitrary divisions into stages of the cheesemaking process. 
In the manufacture of Mozzarella, these divisions could be similarly 
defined as follows: 
Stage 1 
Stage 2 
Stage 3 
Stage 4 
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Setting, cutting and cooking 
Separation of curd and whey and "cheddaring" 
of the curd 
Dicing and mixing and moulding 
Cooling, brining and packing 
Your industry has developed its own mechanization for the tasks involved 
in Stage 3, and we believe in Stage 4, whilst other workers have 
developed a "warm water" method and patented stirred curd methods for 
Stage 2. 
The Bell Siro approach to Stage 2 is to use equ ipment which has been 
perfected over three models and 12 years of development. The guiding 
feature throughout the development period was to use a mechanized 
approach which mirrored or simulated that of the traditional manual 
cheese factory operator. This has led to our machinery, controlled by 
push button , totally cleaned in place, fully enclosed, in eight capacity 
sizes being available to the cheesemake~ but still retaining his 
capacity to control the various factors so necessary to your cheese 
styles. 
The Bell Siro Cheesemaker 2 shown in the accompanying photograph is 
from 20-55' long dependent on capacity. It has a standard width of 
7'6" and a standard height of 13' at the "high end." It is entirely 
constructed of stainless steel, with some components of teflon and 
P.V.C., fitted with lift-off covers, some with plastic viewing panels, 
and access ladders and platforms where most needed. This totally 
enclosed approach allows for heat retention , protection from airbourne 
contamination and complete C.I.P. The base of the machine is 
constructed as an integral part of the unit and serves the double 
purpose of collecting the whey run off during the manufacture of the 
cheese and the collection of miscellaneous C.I.P . liquids for 
recirculation during the C.I.P. period. The machine is fitted with a 
comprehensive C.I.P. system to rinse, clean and sterilize the entire 
interior of the unit. 
The accompanying diagram shows the principle of operation of the Bell 
Siro Cheesemaker 2 and illustrates how closely it follows the manual 
method of curd handling. Thus when the curd has reached the correct 
stage after cooking in any type or size of vat, we pump out the curd 
and whey together, through a variable speed positive curd pump, onto the 
separation screen (2) of the Cheesemaker 2. We use an oscillating feed 
pipe (1) to ensure that the full area of the screen remains wetted at 
all times. The curd rolls from the screen onto the P.v.c. variable 
speed dewheying and dry stirring belt, (3) . As the curd is conveyed up 
the belt, variable speed curd rakes (4) pass through the curd to ensure 
adequate dewheying takes place. These functions are controllable by 
the operator. 
A preset weight of the loose friable curd is then delivered into the 
forming buckets from the curd weighing hopper. (5) As each of the 
Page 3 
forming buckets (6) is filled, a pneumatically operated hopper flap 
closes,whilst the next empty forming bucket indexes into position. 
After a holding period of, sa~ 40 minutes, the fused curd is mechanically 
inverted (7) from the forming bucket into the second stage buckets, (8) 
These buckets, shaped longer and wider, allow the mass of curd to flow 
and deform as shown in the accompanying sketch. 
The second stage buckets, which are mechanically locked to the first 
stage buckets, gradually move the c urd until it reaches a series of 
compression platens, (9). These platens gently mould the curd to improve 
texture and to ensure that the curd blocks leaving the machine are of 
uniform size and moisture content. The number of curd compression units 
depend on the size and capacity of the Cheesemaker 2 ordered. 
The second stage buckets continue indexing until they reach the 
mechanical inversion point (7) where the slab of curd, which is now 66" 
long, 9" wide x approximately 5" high, drops onto the discharge cross 
conveyor, (10). This cross conveyor, which can be sited to either 
"Right-hand"or "Left-hand" of the Cheesemaker 2, delivers the slab of 
curd directly to the mouthpiece of a mill or dicer prior to mixing and 
moulding. 
The length of time the curd is in the machine depends on the capacity 
of the variable speed curd and whey pump from the vats and the amount 
of curd allowed into the forming bucket stage. The accompanying 
capacity graphs, which plot pounds of c urd delivered to the mill per 
hour, against overall time in the machine in minutes, illustrate clearly 
the smaller model number of Cheesemaker 2 required for Mozzarella . For 
Mozzarella, the residence time in the machine would be, s .ay 80-90 
minutes against that of a cheddar manufacture requiring 110-120 minutes. 
We feel it is of importance to stress that in this "continuous" Bell 
Siro Cheesemaker 2 system, the first curd into the unit is the first 
curd out, that the system almost eliminates labour in this area, reduces 
external contamination, improves repeatability of product, yet retains 
for the operator the ability to influence the product dependent on day 
to day or vat to vat requirements. 
In this equipment, we feel we have retained the proven principles of 
cheesemaking applicable to quality Mozzarella and Provolone production; 
that of draining, packing, cutting, turning, and piling the curd prior 
to mixing and moulding. 
Clearly, the labour utilization figures will influence the amortization 
of the equipment and that these will vary with both size of factory and 
from area to area. 
There are already six Cheesemaker 2's in operation around the world and 
a further four units are currently being installed and commissioned in 
the Midwest of the USA. 
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FACTORS AFFECTING MELTABILITY OF MOZZARELLA CHEESE. 
By Dr . K. M. Nilson 
A search of the literature has revealed little regarding the factors that cause cheese 
to melt or stretch during the baking process. It is evident that factors such as p~ 
fat content, salt concentrate, solids-not-fat and moisture of the cheese contribute 
to its ability to melt evenly and smoothly with a minimum of free fat and browning. 
For years the titratable acidity test, pH and hot-water stretch tests have been used 
successfully to determine when the cheese was ready to be mixed and stretched. While 
these methods are a common practice during the manufacture of Mozzarella cheese there 
are no methods used during the ripening period or at the time the cheese is utilized 
by the customer to aid the manufacturer in determining good melting characteristics. 
The purpose of this study was to determine if it is possible to set standards for 
such characteristics as meltability, oiling off and browning-burning. With such a 
standard it seemed feasible to compare the melting, oiling off and browning-burning 
during the baking process. 
For this particular study a standard was made using a numerical scale of 1 through 4, 
No. 1 being very good, 2 good, 3 fair, and 4 poor. The same numerical standard was 
used for all the above three categories. 
For this study cheese was purchased from commercial plants. It was manufactured from 
1.5, 2.0 and 3 . 0% fat milk. Five pound loaves were subdivided into 2.5 lb. loaves 
and stored at 38 F until used. 
After the cheese had aged for 2, 4, 6, 8, 10, 12, 14, 16 and 18 weeks it was ground, 
spread on ready prepared pizza crusts, with an equal volume of tomato sauce applied 
to each pie. The pizzas were baked at 400, 450, 500, 600, 650, and 700 F for 5, 6, 7, 
8, 9 and 10 minutes each . A picture of each sample was taken immediately after the 
sample was removed from an electric pizza oven, (G. S. Blodgett Co . Inc., oven type 
10-E). 
The pH of the samples through the 18 week ripening period are found on Table 1. The 
pH of each sample on 0 day (the day the cheese was manufactured) was 5.2. However, 
there was an increase in the pH of the cheese in most cases thereafter. The 1.5% fat 
milk cheese had the highest pH of 5.4 on the 14th week of ripening with the lowest at 
4.9 on the 4th and 12th weeks. The lowest pH of the 2.5% fat milk cheese was at 0 
day with the highest of 5.8 on the 14 week of ripening. The pH trend for the 3.0% 
fat milk cheese was similar to that of the 2.5% fat milk cheese. The fluctuation of 
the pH during the ripening period is a common occurrence but, the reason has not been 
fully explained. 
On Table 2 and 2-A are found the data on the meltability, oiling off and browning-
burning of the cheese made from 1.5% fat milk. The photgraphs were studied and each 
sample judged for the 3 categories. It is evident from the data that at higher tem-
p>erature 650-700 F the cheese melted with no oiling off or browning-burning at all 
the ripening periods when heated for five minutes . There were similar results at the 
6> minute heating period, but at 7 and 8 minutes, in general, there was browning-
burning at both the 650 and 700 F temperatures. There was only a sli .~ht oiling off 
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problem found with cheese made from 1.5% fat milk. This stability of fat is probably 
due in part to the low fat content of the cheese. 
The results of the cheese made from 2.0% fat milk are reported on Table 3 and 3A. In 
general the melting characteristics were similar to the 1.5% milk fat cheese. Oiling 
off became a problem at all heatings, 5, 6, 7, 8, 9 and 10 minute, intervals. As the 
time interval increased the oiling off characteristics increased in intensity scoring 
3 in many cases. During the 5 minute heating period temperature of 650 and 700 F re-
sulted in oiling off scores of 2. In general the oiling off increased in intensity 
at 550 F at 6 minutes , 500 F at 7 and 8 minutes and 450 F at 9 and 10 minutes. Bro~ 
ing-burning did not appear at the 5 and 6 minute heating periods but there were some 
problems at 700 F for the 7 and 8 minute periods with increased browning at the 9 and 
10 minute periods at both 650 and 700 F. Any time the cheese scored a 2 or more for 
the browning-burning category it was very difficult to judge the degree of melting or 
oiling off. 
On Table 4 and 4-A are the results of the cheese made from 3.0% fat milk. The more 
desired meltability of the cheese increased at lower temperatures than either of the 
other two cheeses tested. This was probably due to the increased fat content of the 
cheese. Ther~ was evidence of oiling off at lower temperatures and lower time periods. 
To try Lo determine the affect of salt concentration on meltability, oiling off and 
browning, cheese was made from 2.0 and 3.0% fat milk. It was purchased from a com-
mercial cheese plant with a salt content of less than 1.5%. The cheese samples were 
ripened at 38 F until ready for testing. The cheese was ground after 2, 4 and 8 weeks 
ripening and analyzed for their salt content. Additional salt was added to make up 
concenLration of 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5 and 5.0%. After the salt was thor-
oughly mixed the cheese was stored at 38 F for 16 hours before being tested. This 
gave the salt time to be dissolved and r~ctcli equilibrium. 
On Table 5 is the data on salt concentration and its affect on melting, oiling off 
and browning-burning. In general after two weeks of ripening there was good meltabil-
ity with salt concentrations up to 3.0%. Oiling off was a problem with both cheese 
samples after only two weeks of ripening but, was less a problem after 4 weeks. After 
8 weeks ripening oiling off was minimal. There was some browning-burning at the high-
er salt concentrations . It is possible other categories should be added to the ones 
listed above. A great deal of work and study is needed to answer many of the ques-
tions presently unanswered. 
The oiling off standard is more difficulL to detec t by sight than either of the other 
two. A process is now in the developing stage where the free fat is measured. Cheese 
is melted, centrifuged with the free fat measured. The new test is a quantative meas-
urement eliminating the human judgment necessary during visual analysis. This tech-
nique should be ready in the near future. 
It seems possible to make standards for at least three categories. Such standards 
could be used to determine proper melting, excess oiling off and to what degree of 
browning is desirable, There are distinct oven temperatures heating time relationships 
that can be used to achieve the above. A salt content, in the cheese, of over 3% is 
required before it affects proper meltability. 
TABLE 1. The pH of Mozzarella Cheese During 18 Weeks Ripening 
Percent Fat Milk Cheese 
Ripening 1.5 2.0 3.0 
(Weeks) pH pH pH 
0 5.2 5.2 5. 2 
2 5. 3 5. 4 5.5 
4 4.9 5.4 5.4 
6 5.2 5.5 5.3 
8 5-3 5.6 5. 5 
10 5.2 5.6 5.3 
12 4.9 5.3 5.2 
14 5.4 5.8 5.9 
16 5.2 5.6 5.5 
18 5.0 5.5 5. 5 

TABLE 3. The Me 1 tab i 1 i t y , 0 i 1 i ng-Off and Browning-Burning of Mozzarella Cheese Manufactured from 2.0% Fat Milk 
Heating Temp. Melting Oiling Off Burning 
Time Oven Ripening (l~eeks) Ripening(Weeks) Ripening(Weeks) 
Hi nutes oF 2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18 
--·--------
~00 4 4 4 4 4 4 4 4 3 1 1 1 1 1 1 1 1 
450 4 4 4 4 4 4 4 4 4 1 1 1 1 1 1 1 1 
500 4 4 3 2. 3 3 3 3 3 1 2 1 2 2 1 1 1 
550 4 3 3 2 1 2 2 3 2 1 1 1 1 2 1 1 1 
600 2 1 2 1 1 1 3 2 1 1 1 1 2 2 1 1 1 
650 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 . 2 
700 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 
6 400 4 4 4 4 4 4 4 4 4 1 1 1 1 1 1 1 1 I I 1 1 I 
450 4 4 4 4 3 4 4 4 3 1 1 1 I I 1 1 1 I 1 I 1 I 
500 4 4 2 2 2 3 2 2 2 1 2 2 1 1 1 2 1 1 1 1 1 1 
550 4 2 3 2 1 1 1 l 1 1 I I 2 2 2 2 I I I 1 . 1 1 
600 I 1 1 I I I 2 1 1 1 I 2 2 I 2 " 2 I 1 I I I 1 
650 I I 1 I I 1 I I I I 2 2 2 2 2 2 2 2 2 I I I 
700 1 1 I 1 I I 1 I I 2 2 2 2 I 3 I 2 2 I 2 I 2 
7 400 4 4 4 4 4 4 4 4 4 I I I I 1 I I 
450 It 4 3 3 2 2 3 3 2 I 2 2 2 1 I I I I I I I I I 1 1 
500 4 3 3 I I I 4 2 I 2 2 2 2 2 1 2 2 I I I I I 1 I I 
550 4 3 2 I I I I I 1 2 2 I 2 2 2 2 2 I I I 1 I I I I 
600 2 1 I I I I 2 I I I 2 2 I 1 2 2 2 I I I I I I I I 
650 1 1 I I 1 I I I I 2 2 I 2 2 2 2 2 2 I 2 I 2 2 2 I 
700 I I 1 I 1 1 I I I 1 I 2 I 1 I I 1 2 2 2 2 2 2 2 3 2 
(cont'd l. 
TABLE 2 .A The Me I tab i I i t y , Oi I ing Off and Browning-Burning of Mozzare lla Cheese Manufactured from 1.5% Fat Milk 
Heating Temp. Melting Oi ling Off Burning 
Time Oven Ripening(Weeks) Ri pen ing(Weeks) Ripening(Weeks) 
Minutes OF 2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18 
8 400 4 4 3 3 3 4 4 4 4 I I I I I I I I I I 
450 4 4 3 2 2 4 3 3 4 I I I I I I I I I I 
500 4 4 2 I I 3 3 2 4 I I I I I I I I I I 
550 3 4 2 I I 2 I I 4 I I I I I I I I I I 
600 I 2 I I I 2 I I 4 I I 2 I I I I I I I 
650 I I I I I I I I 4 2 2 I I I I I I I I 
700 I 2 I I I 2 I I 3 I I 2 2 2 2 2 2 2 2 
9 400 4 4 3 3 3 4 4 4 4 2 I I I I I I I I I I 
450 4 4 3 2 2 4 3 2 4 I I I I I I I I I I I 
500 2 4 2 I I 3 3 2 4 I I 2 I I I I I I I I 
550 3 4 2 I I 2 I I 4 I I I I I I I I I I I 
600 I 2 I I I 2 2 I I I I 4 I I I 2 I I 2 2 
650 I I I I I I I I 4 I I I 2 2 3 3 2 2 2 I 
700 I 2 I I I I I I 3 I I 2 2 2 2 3 2 2 3 2 
----------
10 400 4 4 3 3 3 4 3 4 4 I I I I I I I I 
450 3 4 I I I 3 2 4 2 I I I I I I I 
500 4 4 2 I I 3 I 4 3 I I I I I I I I 
550 I 3 I I I 2 I I 4 I I I I I I I 2 
600 I 3 I I I 2 I I 4 I I I I I I I 2 
650 I I I I I I I 3 2 2 2 2 3 2 3 2 I 
700 2 2 I I I I I 3 3 3 4 3 4 3 4 4 3 
TABLE 4. The Meltability, Oiling Off and Browning-Burning of Mozzarella Cheese Manufactured From 3.0% Fat Milk 
Heating Temp. Melting Oi I ing Off Burn i ng 
Time Oven Ripening(Weeks) Ripening(Weeks) Ripening(Weeks) 
Minutes OF 2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18 
5 400 4 4 4 4 3 4 4 4 2 I I I I 2 I I I 2 
450 4 4 3 3 3 4 3 3 3 I I 2 I I I 2 I I 
500 4 3 2 I I 3 2 2 2 I 2 2 3 3 I 2 2 2 
550 4 3 2 I I I I 2 I 2 I 2 2 2 I I I 2 
600 I I I I I 2 2 I 2 2 I 2 2 2 2 2 2 
650 I I 1 I I 1 I I 2 2 2 2 2 3 2 2 2 
700 I I I I I 1 I 1 2 2 3 3 3 3 3 3 2 
6 400 4 4 3 2 2 3 4 4 4 1 2 2 2 2 2 1 I 1 I 1 I 
450 4 3 3 3 3 3 3 3 3 1 1 2 2 2 I 2 2 2 1 1 1 
500 4 3 2 1 1 3 1 1 I 1 2 3 2 2 1 2 1 2 1 1 1 
550 3 2 2 I I I I 1 1 2 2 2 1 2 2 2 1 2 1 '1 1 
600 1 1 1 I 1 1 1 1 1 2 2 3 3 I 2 2 2 2 1 1 I 
650 I 1 1 1 1 I I I 1 1 2 2 3 2 2 2 2 2 2 I 1 
700 1 1 1 I 1 I 1 I 1 2 2 3 I 2 2 1 3 2 1 1 2 
7 400 4 3 3 3 3 3 3 3 3 I I 2 2 2 2 2 2 2 I I I I I I I I 
450 4 3 3 2 I I 3 2 3 I I 2 2 I 2 I 2 I I I I I I I I I 
500 3 2 2 I I I 3 I I I 2 2 3 2 2 2 I 3 I I I I I I I I 
550 3 2 2 I I I · I I I I 2 2 I I 2 2 2 3 I I I I I I I I 
600 I I I I I I I I I 2 2 3 2 I 2 2 3 3 I I I I I I I I 
650 I I I I I I I I I I 2 2 I 2 I I 2 3 2 I 2 I 2 2 2 I 
700 I I I I I I I I I I 2 3 I I 2 I 2 I 2 2 I 2 2 2 2 2 
-lcont' dl_ 
TABLE J.A The Meltability, Oiling-Off and Browning-Burning of Mozzarella Cheese Manufactured from 2 . 0% Fat Milk 
Heating Temp. Melting Oiling Off Burning 
Time Oven Ripening(Weeks) Ripening(Weeks) Ripening(Weeks) 
Minutes oF 2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18 
8 lioo 4 4 4 4 4 4 4 4 4 1 1 1 1 1 1 1 1 1 1 I I I I I I 1 I 
450 4 4 4 3 3 4 4 4 4 I 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 
soo 4 3 2 I 2 1 3 2 1 1 2 I 2 2 2 I I 2 1 1 1 I 1 1 I 1 1 
550 3 3 2 1 I 1 1 I I I I 2 2 2 2 2 2 2 1 I I I I I 1 1 I 
600 1 1 1 1 1 I 1 1 1 1 2 2 2 2 2 2 2 2 2 1 I I 1 1 I I I 
650 1 I I I 1 I 1 I I 2 2 2 2 2 2 2 2 1 I 1 I I I 1 I 1 I 
700 1 I I 1 1 1 1 1 1 1 I 2 1 1 1 1 2 1 2 2 2 2 2 2 2 2 2 
9 400 4 4 4 4 4 4 4 4 4 I I I 1 1 1 I 1 1 1 I I I I I 1 1 1 
450 4 4 3 3 3 3 3 2 2 1 1 1 1 2 2 2 2 2 1 1 I I I I I I I 
500 2 3 2 1 1 1 2 2 2 1 1 1 2 2 2 I I I 2 1 I I I I I I I 
550 4 2 2 I 1 2 1 I 1 1 1 1 2 2 2 2 1 2 3 1 1 1 1 1 1 1 1 
600 I 2 1 1 1 2 2 1 1 2 2 2 2 3 2 I 2 2 4 1 1 I 1 1 1 I I 
650 1 1 I 1 1 1 1 1 I 2 2 2 2 I 2 2 I 2 I 2 2 2 2 2 2 2 1 
700 1 1 1 1 1 I 1 1 I 1 1 I 1 1 1 I 1 1 3 3 3 3 3 3 3 3 3 
10 400 4 4 4 4 3 3 4 4 4 I I 2 I I 2 1 1 1 I I 1 I 1 I I 1 I 
450 4 4 3 3 3 3 3 3 2 1 1 I 2 2 2 2 2 1 1 1 1 1 1 1 I I 1 
500 3 3 2 I 1 1 2 2 2 I 2 2 2 2 2 1 2 2 2 1 1 I 1 1 1 1 1 
550 4 2 1 I 1 2 I I I 1 1 2 2 2 2 2 2 3 I 1 I I 1 1 I I I 
600 2 1 I 1 1 I I 1 I I 1 2 2 I 2 2 2 2 4 1 1 I I 1 I I I 
650 1 I I 1 I 1 1 1 I I 1 1 2 I 1 2 1 1 2 2 2 2 3 2 2 2 1 
700 I 1 1 1 I I I 1 1 1 I I I 1 I I 1 1 3 3 3 3 3 3 3 4 3 
ABLE 5. Meltability, Oiling Off and Browning-Burning of Mozzarella Cheese With 
Different Salt Contents. 
Helting 
Ripening Salt Concentration (%) 
Time 
1. 5 2. 0 2.5 3.0 3.5 4 .0 4.5 5.0 pH 
% Fat 2 weeks 2 2 2 2 3 3 4 4 5.4 
i 1 k 4 weeks 1 1 1 1 2 3 4 4 5.5 
heese 8 weeks 1 1 1 1 2 3 4 4 5.4 
~% Fa t 2 weeks 2 2 2 3 4 4 5.3 
ilk 4 weeks 1 1 2 3 4 4 5.3 
heese 8 weeks 1 1 2 3 ,. 4 5 . 3 
Oilinlij Off 
Ripening Salt Concentration (%) 
Time 
1 .5 2.0 2.5 3.0 ).5 4.0 4.5 5.0 pH 
~% Fat 2 weeks 2 2 2 2 2 2 2 2 5 . 4 
~ilk 4 weeks 2 1 1 1 1 1 1 1 5.5 
.. heese 8 weeks 1 1 1 1 2 2 1 1 5.4 
% Fat 2 weeks 2 2 2 2 2 2 2 2 5.3 
ilk 4 weeks 2 2 2 2 2 2 2 2 5.3 
heese 8 weeks 1 1 1 1 1 1 1 1 5.3 
Browning-Burnins 
Ripening Salt Concentration(%) 
Time 1.5 2.0 2 . 5 3 . 0 3.5 4.0 4.5 5.0 pH 
.% Fat 2 weeks 1 5.4 
~i 1 k 4 weeks 1 1 5.5 
Jheese 8 weeks 2 2 5.4 
S% Fat 2 weeks 1 1 1 1 5.3 
ilk 4 weeks 2 2 1 2 2 5.3 
heese 8 weeks 1 2 2 2 2 2 5.3 
I) Heating Temperature 6S0°F for seven (7) minutes 
Lcont 'd) 
TABLE 4.A The Meltability, Oiling Off and Browning-Burnin g of Mozzarella Cheese Manufactured From 3.0% Fat Hi lk 
Heating Temp. Melting Oi 1 ing Off Burning 
Time Oven Ripening(Weeks) Ripening(V/eeks) Ripening(Weeks) 
Minutes OF 2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18 
8 400 4 3 3 3 3 3 3 3 3 1 2 2 2 2 1 2 1 2 1 1 1 1 1 1 1 
450 4 3 3 2 3 3 3 3 3 1 2 2 2 2 1 1 2 2 1 1 1 1 1 1 1 
500 3 2 2 1 1 1 2 1 1 1 3 2 3 3 2 2 2 3 1 1 1 1 1 1 1 
550 2 2 2 1 1 1 1 1 1 2 2 2 2 2 2 2 2 3 1 1 1 1 1 1 1 
600 1 1 1 1 1 1 1 1 1 1 2 3 3 2 2 2 2 2 1 1 1 1 1 1 I 
650 1 1 1 1 1 1 1 I 1 2 3 3 3 2 2 2 2 2 1 1 1 I I I I 
700 I 1 1 I 1 1 1 1 1 1 2 3 I I 2 I 2 1 2 2 2 2 2 3 2 
9 400 4 3 3 3 3 3 3 3 3 I 2 2 2 2 2 2 2 2 1 1 I I I 1 I 
450 4 3 3 3 2 3 2 2 2 I I 2 2 2 2 2 2 2 1 1 I I I I I 
500 1 2 I 1 I 1 2 I 1 1 1 2 3 3 2 1 2 2 1 1 1 I 1 1 1 
550 4 2 I I 1 1 1 1 1 1 1 2 2 2 2 3 2 3 2 1 1 1 1 1 1 
600 1 1 1 1 1 1 I 1 1 2 3 2 2 2 2 2 1 1 4 1 1 1 1 1 1 
650 1 I 1 1 1 1 I 1 1 2 2 2 3 1 2 3 2 2 1 2 2 2 2 1 2 
700 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 3 3 3 3 3 3 3 
10 400 4 3 3 3 3 3 3 3 3 1 3 3 2 2 3 2 2 2 I 1 1 
450 4 3 3 2 2 2 2 2 2 1 2 2 2 2 2 2 2 2 1 1 1 
500 1 2 1 1 1 2 2 1 1 1 2 2 2 2 2 2 2 2 1 I 1 
550 4 2 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 1 1 
600 1 1 1 1 1 I I 1 1 2 2 2 1 2 2 2 2 1 4 1 1 
650 1 1 1 1 1 I 1 1 1 1 1 1 3 1 1 1 1 1 2 2 2 3 2 2 2 1 
700 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3 3 3 3 3 3 4 3 
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ITALIAN CHEESE THE DRD WHEY 
By Sidney Boxer 
This discussion will be concerned with the use of acid whey 
powder (AWP) in the manufacture of Ricotta cheese. Dried cottage cheese 
whey acts as an acid coagulant and the whey protein contributes as a 
co-precipitate to increase cheese yield. The principal problems are 
proper acidification and heating to obtain optimum curd formation and a 
smooth bodied cheese of maximum yield. The quality of the acid whey 
acidulant affects these characteristics. 
Dried sweet whey has been manufactured for 40 years during which 
time many difficult problems associated with its drying were met and 
resolved. An understanding of the behavior of lactose which comprised 
70% of whey solids was necessary for the successful drying of this 
whey. Recently, the rapid increase in cottage cheese manufacture has 
increased acid whey production until it is now about 30% of the whey 
produced in the United States. Because about 7% of the solids of 
acid whey is lactic acid, the liquid could not be processed by the 
same procedures used for sweet whey. In 1969, to stop the discharge 
of acid whey into streams, the Federal Water Quality Administration, 
now the EPA, awarded a contract to Dairy Research & Development Corp. 
(DRD), to develop a method for drying acid whey into a human grade 
powder and to demonstrate its commercial feasibility. After several 
years, and the resolution of many problems by DRD, acid whey powder 
(AWP) is now stable, uniform, non-hygroscopic and commercially 
acceptable. A typical analysis of DRD acid whey powder is: 
lactose 65.0%, protein 12.5%, ash 9.8%, lactic acid 7.0%, 
moisture 2.0%, pH 4.7. 
Variations in cottage cheese manufacture cause variations in 
~hey characteristics which may cause processing problems in drying 
a .nd in the production of a uniform AWP. The DRD powder is produced by 
a series of carefully controlled steps. The hot whey, on draining 
from the cottage curd, is collected in a holding tank, from which it 
g·oes to a hotwell for heating to coagulate the whey protein , thence 
to vacuum pans for concentration to 40 to 50% solids. The concentrated 
~hey is cooled to a temperature optimum for the lactose crystallization, 
depending on the concentration of the solids in the condensed whey. 
This crystallization stabilizes the lactose so that water can be more 
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easily removed in the dryer. Uncrystallized lactose in the concentrate 
tends to dry as an amorphous glass in the powder, which would produce 
a very hygroscopic product, causing it to cake in the bag during 
storage . Acid whey is more difficult to dry than sweet whey because 
almost 10% of its lactose has been fermented in cheese making to 
lactic acid which cannot be dried. In the DRD process, the whey from 
the spray dryer continues to crystallize as it undergoes further 
processing and reduction to fine particle size. The end product is 
uniform, non-hygroscopic, light color, free of scorched particles, 
with its protein in a mostly heat denatured form. AWP is well adapted 
for use as a source of acid and extra solids in Ricotta. 
Proper acidification, heat application, curd formation and 
drainage are essential in Ricotta manufacture. Cheesemakers have used 
starter, fluid acid whey, vinegar, citric acid and other acidulants. 
When Ricotta was made only from whey, a lactic fermentation was often 
the only acid source . But with the use of milk, more acid was required 
to precipitate the casein, and usually a supplementary acid, such as 
vinegar, quickly provided this extra acid. However, natural lactic 
acid is preferable since it contributes both acid and flavor. The curd 
is sometimes developed in two stages: the first by acidification with 
starter or acid whey, the second by addition of an organic acid to 
further lower the acidity . 
AWP provides a uniform source of natural lactic acid as an 
acidifying agent for Ricotta. It imparts a desirable culture flavor 
derived from the cottage cheese fermentation. It aids in the formation 
of a recoverable, cohesive curd when used properly to attain optimum 
pH, and when accompanied by controlled heating and curd handling. 
Kosikowski (1) suggested use of AWP as an acidulant in Ricotta 
manufacture in 1967. When used at the rate of 2 to 2~ lbs. of powder 
per 100 lbs. of milk, Kosikowski obtained an increase in the yield of 
Ricotta of 20 to 24%. Since the calculated increase in yield (Table 1) 
based only on the increase in protein is 4.6%, it must be assumed that · 
other factors are responsible for the larger quantity of cheese 
recovered. The moisture content of the AWP Ricotta was lower than the 
control but the solids, other than fat and protein, were 54% 
higher. In part, these solids are composed of lactose, and milk 
salts . Kosikowski 's yield figures are based on one precipitate 
only . While a second precipitate from the AWP Ricotta might not be 
worthwhile, a second precipitate from a lactic starter Ricotta might 
slightly reduce the large yield difference of the two methods. This 
indicates use of AWP can eliminate the need for a second precipitation, 
as well as increase yield and shorten processing time. Equally 
important it enhances the flavor of the cheese. 
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Directions for making whole milk Ricotta with AWP follow: 
Standardize the milk to at least 3.2% fat; add 2 lbs. AWP per 100# 
milk or more to secure a milk mixture of pH 5.9-6 . 0; this reaction 
in the cold milk is necessary to obtain proper coagulation on 
heating; heat carefully so as not to disturb the curd forming 
potential of the milk; heating temperature is 176°F., but not 
exceeding 180°F; the acidity should now be 0.30-.31%; remove the 
curd when it is firm but still tender; the cheese yield on a single 
precipitation should be 15-20% greater when AWP is used. A second 
pH adjustment and precipitation of curd should not be necessary if 
the whey from the first precipitation is reasonably clear. 
Many variations of the above procedure can be employed to 
produce Ricotta. Less AWP with some vinegar added to obtain pH 5.9 
may be used. When the curd does not break, leaving a clear whey, 
more acid may help clarify the hot whey. When AWP is used, it is not 
usually necessary to precipita'te the curd in two steps but, if there 
is poor curd recovery, acid readjustment of the pH could .result in 
recovery of up to 10 to 15% more curd. This would be a coarser curd 
than the primary batch. 
AWP should also be considered as an acidulant to reduce the 
rennet coagulant used in such cheese as Mozzarella. Micketts and Olson 
(2) have just described the manufacture of Mozzarella by direct 
acidification. The effect of the presence of AWP in formation of the 
Mozzarella curd is not known to us but, since the whey protein in AWP 
is pre-coagulated, it might become a part of the Mozzarella curd and 
increase yield. 
I would like to summarize by quoting from the paper delivered 
by Dr. Kosikowski at the Marscha-ll cheese seminar in May, 1972, (3): 
"Precipitation by acid whey powder obtained from Cottage and 
Cream cheese is an interesting alternative for Ricotta and related 
cheese as the advantages of lactic acid starter without its 
disadvantages are possible •••. At least one large manufacturer is 
making Ricotta cheese with acid whey powder and more will do so when 
the supply situation becomes stabilized." 
"Good quality acid whey powders give excellent flavor and 
texture to the cheese. Nominally only 20 lb per 1,000 lb of milk are 
required and because few, if any, bacteria survive in this powder, 
large scale efficient Ricotta cheesemaking, embodying mechanical or 
continuous processes, is possible. Acid whey powder can be mixed with 
cheese milk in large silos to attain the optimum pH for high heat 
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precipitation and this milk could be drawn upon during an entire day 
without change in its acid levels. Furthermore, acid whey powder from 
conventional Cottage cheesemaking increases yield appreciably . It 
contributes its own protein to the final mass and also increases the 
efficiency of protein precipitation in the milk, so much so that the 
increased weight of cheese may dilute the fat to a minimum level 
unless prior adjustment s are made." (Table 2) 
Since that time, the supply of AWP has improved and 
sufficient quantities are available to meet the needs of the Ricotta 
cheese industry. 
DRD would like to thank Dr. Byron Webb, former Chief, Dairy 
Products Laboratory, u.s. Dept. of Agriculture, and Dr. Frank 
Kosikowski, Dept. of Food Science, Cornell University, for their 
assistance in the preparation of this paper. 
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Ricotta 
Mixture 
Milk 
M.tlk and 
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Table 1 
Calculated Values for Heat Coagulable 
Protein in some Ricotta Milk-Whey Mixtures 
Heat Coagulable Protein in Mixture 
Casein Whey AWP1 Total 
Protein 
% % % % 
2 • .:; 0.5 0.14 J,l4 
Whey (50/50) 1.25 0,5 0,14 1. 89 
WJley 0 0.5 0,14 0,64 
Protein 
increase 
due to 
AWP addition 
% 
4. 62 
8 . 
28 . 
1 Acid Whey Powder, Dairy Research and Development Corp., added 
at rate of 2 lbs./100 lbs. Ricotta mix. 
2 Actual increase in cheese yield is 15-20%. 
Precipitant 
Lactic start er 
culture 
Acid whey 
TABLE2 
Yield and composition of Ricotta cheese 
using acid whey powder* 
Cheese 
yield 
lb.* 
45 
55 
Protein Fat Molsture 
------------------i=---------------
ll.O 12.5 70.0 
10.9 ll.O 
* Kosikowski - J. Dairy Sci. 50: 1343-1345. 
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A 1974 REPORT ON CHEESEMAKING AND THE CHEESE INDUSTRY IN ITALY 
by Dr. Adalber to Villa 
The purpose of my paper, as it appears from the title, is to give you a report on 
the cheese industry situation in Italy. The title says "a 1974 report"and in 
fact we are in 1974, but unfortunately the figures contained in this paper are up 
to date until 1972 since the 1973 figures will be issued only in June, and for 
that I apologize. However, I would like t o give you, more than exact figures, 
a feeling on how the Italian cheese industry developed in the last ten years and 
wh a t it looks like today. 
The Italian cheese industry is the third largest in Europe after France and W. 
Germany. In 1972 France produced 863,000 tons of cheese, West Germany 540,000 tons 
and Italy 423,000 tons . 
Since milk is the raw material for the cheese industry, I would like to cover first 
the milk situation. 
As it is shown in table I) the total milk production in Italy during 1972 was 
22,847 million pounds, which represents an increase of 51% over 1938 but it is 
very similar to the production of 1965. Being this situation, we have registered 
in the past five years a tremendous increase of milk importation in Italy from 
132 million pounds in 1969 to 622 million pounds in 1972. {table 2) 
The milk importation is also made easy by the cost of milk, in fact Italy is the 
European country paying the highest price for milk: U.S. Dollars 0 . 66/gallon. 
The milk production is spread out among a high number of farmers and therefore 
each of them, in order to make a living, ask for a high milk price. 
Furthermore the Italian cattle situation is very poor . As it is shown in table 3) 
if we compare the figure between 1963 and 1971 we see that the number of cows 
has decreased together with the number of sheeps and goats. This means that the 
quantity of milk produced in Italy is going to decrease in favor of the quantity 
of milk imported mostly from France and West Germany. 
The types of milk produced in Italy are three: 
- cow's milk 
- sheep's milk 
-goat's milk 
The table 4) gives the figures regarding these three productions . We have noticed 
a decrease in sheep's and goat' s milk produc tion while the cow ' s milk production 
has been rather constant. 
The table 5) shows, as regards cow's milk, how the total production can be split 
among the four areas in which Italy can be divided. 
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The northern part is the greater producer for cow's milk while the southern and 
the insular area are the major producers of sheep's and goat's milk. 
Let us now consider the end use of the cow's milk. The Italian milk production 
can be split as follows: 
- 52.5% for cheesemaking 
- 37.0% for human feeding 
- 10.5% for animal feeding 
In table 6) is shown the trend for the different end uses . Milk used for cheese-
making shows an increase of 14%; the consumption for human feeding increased by 
29% while, for animal feeding, there is a decrease of 45% over the period 1965 -
1972. 
We said before that in Italy we produce three kind of milk and I will now cover the 
end use for each type. 
For the cow's milk the production can be split as follows: 36% for human 
feeding, 50.4% for cheesemaking and 9.8% for animal feeding. (table 7) 
It is also shown the quantity of sterilized milk produced in Italy for the period 
1967 - 1972. The increased is of 121% . The percentage of milk, used for human 
feeding which has been treated and sanitized is 49%. 
The great part of milk is pasteurized while sterilization and UPH treatment are 
very small. (table 8) 
The 51% of milk used for human feeding is consumed as it is. Table 9) shows what 
is the percentage of milk used for human feeding and cheese making in the different 
part of Italy. I think that is worthwhile to spend a word for sheep's and goat's 
milk too. 
We already saw that the productions decreased, affecting the production of typical 
cheese based on these milk. 
For sheep's milk (table 10) the larger quantity is used for cheese making and animal 
feeding, while for goat's milk (table 11) we have that quantities for human feeding 
and cheesemaking are pretty close . 
Now that you have an idea about milk situation I like to cover the cheese production. 
If we consider the production of the last ten years we see that there is an increase 
of 13% over the 1963 but if we pay attention to the trend we can say that no major 
change occurred. (table 12) 
This is a direct consequence of two factors : the milk production did not increase 
and a radical transformation started in 1967. The production increased by 66.5% 
after the second world war and reached a peak in 1966 with an increase of 101%, 
but this increase was to the prejudice of quality. 
Starting from 1967 the industry began to realize that in order to survive in the 
European market a change in production's structures was necessary. 
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The cost of labour increased very rapidly, due to the fact that workers obtained 
new salaries and especially a new contract. 
If we compare the 1973 cost of labour to that of 1966 we notice an increase of 125%. 
The labour situation is still favourable in Italy as far as low levels are concerned, 
the availability is good, but the qualified labour is scarce and the few dairy 
schools do not qualify enough people, therefore there is a lack of dairymen who are 
the skeleton of dairy organization. Any problem is registered as far as dairy 
technicians from Universities are concerned. 
The cost of labor and the willing to be competitive with other European countries 
were the spring which pushed the dairy industry toward automation . 
The progress has been very slow since at the beginning the machinery industry ~as 
not ready to fulfill the requirements and because the industry had no idea of 
what to require. 
The first step was the standardization of milk and its treatment. 
The plants were imported from abroad but step after step a dairy equipment industry 
was born and now not only it fulfills the request of Italian market but it exports 
toward many European and extra-European countries. 
The automatization process began in the northern part of Italy where the ground was 
more ready to novelties but in the last few years it moved to south making a real 
revolution. 
The south of Italy has been for many years the most neglected part of Italy and only 
since five years ago the Govern decided to industrialize that country . 
Through an organization called "Cassa del Mezzogiorno" the Govern began to finance 
new industrial activities and the results for dairy industry have been very good. 
Old family plantswere modernized or rebuilt and new plants were built in areas 
which never had one before. The first step was to create a wide net for milk collec-
tion, in fact one of the problems was the high number of small milk producers who 
were not able to keep milk in good condition and therefore to produce small 
batches of cheese at home in a very artisan way. 
Milk is collected and taken to dairy for refrigeration and sanitaization and then 
transported to a centralized dairy plant. Usually these plants can work 7500 ~ 
25000 gallons/day and being totally new are equipped with the most modern machinery. 
After milk standardization the second step involved the cheese making equipment 
like vats, formentors, etc. 
A separate consideration has to be given at "pasta filata equipments". These 
equipments are rather new but already very sophisticated. The boom of "pasta filata 
equipments" is due to two main factors. 
Some type of pasta filata, like "mozzarella" and "provolone dolce" are gaining a 
good share of the market, especially due to the fact that people in the north of 
Italy began to be acquainted with these cheeses and to like them . 
Second in these productions a lot of labour is requested and we have seen that labour 
cost is increasing more than the cost of cheese itself. 
Dr. Balducci presented yesterday the equipment for the "pasta filata" and I must 
say that they are very successful in Italy. But it's time now to talk about cheeses 
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and show you some figures. 
Actually the 95% of total production is made in dairy plant and only the 5% is 
home made. 
The artisan production still survive in those areas dedicated Lo stock raising, 
and is made by shepherd who cannot take the sheep's milk to the plant. There 
is also a small home production of "mozzarella" made with "water buffalo" milk. 
The 60% of cheese production is made in large plant or automated plant. 
For "large" plant we mean those having a capacity of 100,000/125,000 gallons/day, 
at the moment there are no more than three; what we call "medium size" plants, 
transform 8000- 12,500 gallons/day. 
As I said before, the production has not increased very much but the quality increase 
has been great and all of us know that quality and quantity do not always get 
along well. 
The table l~shows the total productions divided among more popular cheeses. 
All know that the Italian production is based on three typical cheeses: grana, 
pecorino and gorgonzola. 
Besides these, there are "pasta filata" and other soft cheeses. Grana represents 
the 40.7% of total production and it is considered the King of our cheeses. 
The production has not increased very much but the trend after 1968 is going upward. 
The grana cheese is very dependent on milk price and to produce it a lot of in-
vestments are needed, the yield is 6.6% and the cheese is aged more than two years. 
Second typical production is Gorgonzola, a blue veined cheese, very creamy, which 
is mainly produced in the north of Italy, in Piemonte and Lombardia. 
All major Italian companies produce this cheese, but the one for "gourmet" is still 
made in medium size or small plant, according to the tradition. 
The major quantity of cheese produced in Italy is sold within the country, but 
there is also an exportation which amounts to 6% of total. 
Table 14) shows the trend of exportation on the last nine years. There is no 
increase if we compare the data between 1938 and 1972, but there is a 11% increase 
for 1972 over 1964. 
The greater importers of our cheeses are European countries and north American 
countries, namely: France, Switzerland, West Germany, USA and Canada. 
Grana, Gorgonzola, Pecorino and Provolone are the cheeses on which our exportations 
are based. 
In the table 15) are given the quantities of cheese exported by type. Grana and 
Pecorino are the most exported, being the 57.5% of the total, and mainly towards 
USA, while Gorgonzola and Grana are exported toward European countries. 
As far as exportation to USA is concerned, table 16) shows the quantities and the 
trend. 
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Pecorino is the best seller, while Grana and Gorgonzola are increasing, Provolone 
is rather constant and 1972 showed a decrease. In the last decade an increase 
in cheese importation has been registered and this importation is increasing con-
stantly, the 1972 shows an increase over 1965 of 102%. (table 17) 
The greater exporters to Italy are: West Cermany, France, Switzerland, Austria 
and The Nederlands. 
This situation arose thanks to different factors, but I like to mention two of 
them. 
The first is that, being the price of milk lower in those countries, they can 
produce cheese at a lower cost and therefore be more competitive . For instance, 
all cheddar needed for melted cheese is imported from abroad, since the production 
would not be possible pricewise. It is noticed that multinational companies 
produce abroad some Italian cheeses which are then imported in Italy . 
The second factor is a consequence of the Italian people custom for cheeses. 
Cheese is being considered for a long period of time a dessert, something to be 
eaten at the end of the meal, therefore the industry was concerned only with the 
production of this kind of cheeses . 
Now the trend is changing, people consider cheese as an important part of the 
meal and therefore fresh, soft cheeses or cheeses wi th mild flavor are more 
and more requested. 
We have registered recently a boom in yogurt consump tion and we see in our food 
stores more and more the presence of cottage cheese and related types . 
This sector of the market has been cleverly exploited by French and German producers 
with the consequent growth of importation. Table 18 shows for 1972 the different 
types and quantities of cheese imported. 
What the future of the Italian dairy industry looks like? This is a difficult 
question to reply. 
The industry showed a willing to regain ground, the modernization is going on rapidly 
and all let us hope for the best. 
The quality of our cheeses is improving and as a consequence our exportation will 
increase. 
Two factors will be determinant in the near future: the cost of milk and the cheese 
demand; the cost of milk has already been covered and there is no need to discuss 
it any longer. The demand or internal consumption of cheese is at the moment low. 
For each 100 Lira ($ 0.16) spent by the Italian people in 1972 for nourishment, 
only 7.20 Lira were spent for cheese. If we compare the data for 1972 and 1967 
any increase is registered . 
Bread 
Meat 
Cheese 
Milk 
Figures are in Lira. 
1967 
13.3 
35 . 54 
11.0 
1972 
13 .16 
22.7 
7.20 
4.70 
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It is then desirable that in the near future the Italian people will devote 
more attention to cheese, increasing its consumption. 
Table 1 
MILK PRODUCED IN ITALY M pounds 
1938 11.000 
1965 21.480 
1966 22 . 785 
1967 23 .000 
1968 21.600 
1969 21.150 
1970 21.540 
1971 22.000 
1972 22.845 
Table 2 
MILK IMPORTED M pounds 
1969 132 
1970 154 
1971 444 
1972 622 
Table 3 
CATTLE .000 number of head 
cows SHEEPS GOATS 
1963 3353 6327 983 
1965 3387 6065 916 
1967 3432 6291 854 
1969 3679 6165 818 
1971 3214 6106 793 
Table 4 
MILK PRODUCED 
1967 
1968 
1969 
1970 
1971 
1972 
Table 5 
COW'S MILK 
Northern Italy 
Central Italy 
Southern Italy 
Insular Italy 
Table 6 
MILK END USE 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
COW 
2558 
2404 
2354 
2401 
2420 
2502 
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Human feeding 
6575 
6927 
7045 
7225 
7315 
7568 
8255 
8500 
SHEEP 
112 
108 
92 
89.7 
78 
89.5 
Year 1972 
79 . 52% 
7.64% 
9.13% 
3. 71% 
Cheesemaking 
10628 
11624 
11900 
10495 
10400 
10660 
11200 
12000 
M gallons 
GOAT 
35 
31.4 
26.7 
25.6 
24 
23.3 
M pounds 
Animal feeding 
4300 
4230 
4040 
3898 
3434 
3313 
2420 
2343 
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Table 7 
COW'S MILK END USE 
Human feeding Cheesemaking 
1967 721 1309 
1968 736.5 1147.7 
1969 743.4 1136 
1970 776 1165 
1971 828.6 1203 
1972 805 1254 
Table 8 
TREATED MILK FOR HUMAN FEEDING 
Year 1972 
Pasteurized 2814 
Sterilized 1104 
UPH 250 
Total 4168 
49% of total milk consumed for humans. 
Table 9 
Northern Italy 
Central Italy 
Southern Italy 
Insular Italy 
Human feeding 
68.05% 
12.42% 
14.72% 
4.81% 
Animal feeding 
442 
426 
373 
360 
258 
246 
M pounds 
Cheesemaking 
85.89% 
4.99% 
6.02% 
3.10% 
M pounds 
Sterilized milk 
85.3 
93.3 
101.3 
98.6 
129 
181 
Table 10 
SHEEP'S MILK END USE 
1967 
1968 
1969 
1970 
1971 
1972 
Table 11 
Human feeding 
6.45 
6.26 
4.0 
3.86 
3.36 
3.36 
GOAT'S MILK END USE 
1967 
1968 
1969 
1970 
1971 
1972 
Table 12 
Human feeding 
15.27 
14.00 
11.86 
11.38 
10.35 
9.65 
ITALIAN CHEESE PRODUCTION 
1938 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
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Cheesemaking 
77.85 
74.6 
61.3 
60.0 
51.7 
59.5 
Cheeaemaking 
495 
824 
848 
930 
997 
995 
853 
858 
869 . 
881 
932 
14 . 70 
12.80 
10.90 
10.40 
10.35 
10.34 
M. gallons 
Animal feeding 
28.4 
27.3 
26.6 
25.85 
23.2 
26.55 
M gallons 
Animal feeding 
5.17 
4.70 
4.00 
3.82 
3.62 
3.36 
M pounds 
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Table 13 
CHEESE PRODUCTION BY TYPE M pounds 
1938 1965 1966 1967 1968 1969 1970 1971 1972 
Grana cheese 143 279 326.5 323.4 268.5 270.6 275 315.7 349.14 
Pecorino 92.5 81 100 88 81 58.5 56.3 41.2 47.5 
Gorgonzola 59.5 38.3 55 55 48.4 51.7 53.3 54 55 
Provolone and 
other hard 92.5 134.6 127.5 127 104.5 181.7 186 175 170.5 
Italico and 
other soft 107.8 396.5 389 400 351 295 300 296 309 
Table 14 
EXPORTED CHEESE AND DESTINATION M pounds 
1938 1964 1965 1966 1967 1968 1969 1970 1971 1972 
Total 54 48.5 49 47 49.5 54 53.4 51 49.5 54.4 
USA 16.7 16.5 16.7 16.1 15 14.1 19 
CANADA 2.40 2.94 3.33 2. 34 1.5 1.7 3.8 
FRANCE 10.2 11.5 11.1 10.2 9.1 8.8 7.3 
SWITZERLAND 6.8 6.9 8.3 8.5 8.2 8 .9 9.9 
W. GERMANY 2.41 4.9 
U. K. 2.56 2.8 
Table 15 
EXPORTED CHEESE BY TYPE M pounds 
1967 1968 1969 1970 1971 1972 
Grana Cheese 13 15.3 13.6 13.3 12.7 15.7 
Pecorino 12.3 12.5 14 .4 13.1 11.8 15.6 
Gorgonzola 8 8 8 7.6 8.2 7.5 
Other cheeses 14.9 14.7 14.9 13.3 13.3 12.3 
excluded melted 
cheeses 
-11-
Table 16 
EXPORTED CHEESE INTO USA BY TYPE 
Grana Cheese Pecorino 
1967 1.14 
1968 1.43 
1969 1.06 
1970 1.53 
1971 0.51 
1972 2. 71 
Table 17 
IMPORTED CHEESE 
1938 1965 1966 
Total 9.9 140 154 
FRANCE 
W. GERMANY 
SWITZERLAND 
AUSTRIA 
NETHERLANDS 
Table 18 
IMPORTED CHEESE INTO ITALY BY TYPE 
Year 1972 
Blue Cheese 
Emmenthal, Sbrinz 
Gruy~re 
Others 
Melted cheese 
3.96 
89.00 
137.60 
44.50 
10.22 
9.95 
10.59 
8.53 
8.8 
12.8 
1967 
147 
24.7 
37.6 
27 .3 
22.5 
10.9 
M pounds 
Gosonzola Provolone 
0.10 3.43 
0.10 4.38 
0.08 4.13 
0.09 4.78 
0.08 4. 70 
0.12 3.3 
M pounds 
1968 1969 1970 1971 1972 
151 174 204.5 249 284 
32.4 43.7 44.5 74.3 87.7 
42.1 62.7 73.9 88.5 105.3 
35.4 40.0 36.5 34.6 35.2 
10.8 3.5 17.0 12.4 15.8 
10.5 17.6 15.1 19.0 21.0 
M pounds 

The following paper was presented by Prof. Vittorio Bottazzi, Institute of Micro-
biology, Catholic University of the Sacred Heart, Piacenza, Italy, especially 
for the 11th Annual Marschall Invitational Italian Cheese Seminar held at the 
YOUTH BUILDING, Dane County Exposition Center, Madison, Wisconsin on May 7, 1974. 
PECULIAR ASPECTS OF GRANA CHEESE PRODUCTION 
by Prof. Vittorio Bottazzi 
The production of grana cheese, which involves almost the entire Po valley, 
follows some precise technological cheese-making rules characteristic of this 
type of cheese. 
These are particular aspects which are considered indispensable for quality pro-
duction and should be respected in evaluating new agricultural animal husbandry, 
and cheese-making situations gradually arising in the various production areas, 
and also in the intent to achieve increasingly rational and suitable technological 
cheese-production cycles. 
It is obvious that, with such a lay-out, the production of quality grana cheese 
is not easy, but we intend to operate precisely in this sphere since we are con-
vinced by extensive direct experiences of the possibilities of good operation 
even when the productive cycle as a whole presents with very advanced solutions. 
Thus, it is not a question of preserving a good product or of keeping alive artisan 
structures achieved during many decades in very slowly progressing circles. Such 
a system would be anti-economical and, consequently, could not be applied to the 
entire Po valley. At most, it might be valid if it were decided to maintain some 
islands of traditional trend, for historical or exhibition reasons, or to make 
ecological comparisons . 
In fact, the validity of this traditional system is reinforced by careful 
examination of the different milk production conditions and different technolgoical 
solutions adopted in the making of grana cheese which are still followed in the 
vast Italian grana cheese production area. 
Two areas of grana cheese production can still be identified - one covering the 
Emilian provinces of Parma, Reggio, Modena, part of that of Bologna, and a small 
portion of that of Mantua, which is indicated as the zone of Parmesan-Reggian grana 
cheese, and the other, comprising the rest of the Po Valley and part of some 
Alpine valleys, which represents the Padangrana production area. The first 
area differs from most of the second mainly for the size of its herds and cheese 
plants, and for the resulting repercussions on the genetic make-up of the cattle, 
production conditions, milk transport, and the composition of the mixtures making 
up the batches of milk. Moreover, it is distinguished for a different cheese-
production technology, although the final result, for both the zones, is equally 
a high quality product. 
Thus, in developing the present article, we shall attempt to examine the specific 
aspects of grana cheese production and shall consider the evalution achieved 
and the new technological developments still in the testing stage. 
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A - Ripening and preparation of milk 
al-Ripening 
The term "ripening of milk" means the series of physicochemical and microbiological 
phenomena occurring in the various components of milk before it is made into 
cheese. The complete picture of these phenomena has not been sufficiently outlined 
either from the development of laboratory studies or from the cheese-production 
control tests. 
Consequently, the available information is the result of a few isolated studies 
which do not permit overall scientific considerations. Nevertheless the practical 
observations which indicate how ripening of milk, as understood by dairy tech-
nicians, improves its technological and biochemical properties, are of great 
interest. 
However, for the production of quality grana, the milk must contain a certain 
number of microorganisms, that is, it must have undergone a certain degree of 
ripening. Our direct experience has clearly indicated, for instance, that grana 
obtained from milk with a total microbial load under 100,000/ml on arrival at 
the cheese plant, and then treated with formaldehyde, is always of inferior 
quality. Thus a certain microbiological activity involving the microflora as 
a whole, must occur before coagulation. But how intense should this activity be? 
Soviet Authors (Vorob'ev and Ozola- 1 -) have recently offered some indications 
for the production of Dutch type cheese, clearly pointing out the beneficial 
influence on the development of lactic ferments, deriving from an increase of 
the soluble nitrogenous fractions. 
This proteolytic action certainly has a positive influence also in the case of 
grana cheese, but the contribution deriving from the activity of different 
enzymatic systems of microbial origin and the effect of that action preparatory 
to coagulation which is the consequence of the casein micelles remaining in a 
more acid medium for a certain time, should also be taken into consideration. 
In the case of grana cheese, ripening of the milk is achieved in both production 
areas, but through two different routes which have led to differences the man-
ufacturing methods. 
In the Parmesan-Reggian production area, the milk reaches the cheese plant with 
a load of microo,ganisms less than that of Padan grana area, but the positions 
are reversed in the vat - the milk from the first area is richer in microorganisms, 
while that of the second production area is distinctly poorer. 
A summary of the results obtained by Carini et al. (2) and Battistotti et al. (3) 
can offer a better picture of how matters stand. The fundamental diffe~ is 
that while a milk which, during the production year has a total microbial/load 
ranging from 40,000 to 130,000/ml, is available at the moment of coagulation in 
the Padangrana production area, in the Parmesan-Reggian area, the average figure 
for the plain is 1,700,000/ml, and for the hills 2,900,000/ml, with -maximum 
values reaching even 11 million/ml, as figure A and tables 1 and 2 show. (see following 
pages) 
-3-
0 
~4 
2 
,. 
-r t · . ~---·4--.. -·~- -- ·~····:·-- ~-- ~-.::-· .. ··---~----·---:~ 
G ' F J,.~ J.. t.1 C\ l /.. S 0 t~ 0 
· Figure A 
Monthly changes in the total microbial count of 
oulk milk on arrival at the cheese plant (1} and · 
of vat milk (Al . relative to the production area of 
?adangrana cheese. 
-4-
TABLE 1 
Monthly variations of the total microbic count (non lactic microflora) for 
in vat for the production area of Parmesan-Reggian grana cheese (") . 
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value 1! J,-14 2.~9; 3,25 1,7:! '- .J:! .J ,t-: i 1.~0! O,is~· J, lG \ 0,1 ? 
per sample 1 ; I • . 
(') Refers only to vat if1 __ _!:he p~ai _n, 
(Editor's notes: In expressing data, European writers frequently use commas 
where we in the U. S. use a period. For example, in Table 1 above, Line A, 
under "Plain" the European figure of 0,015 is given. In the U. S. we would 
write this same figure as 0.015. In reverse, oftentimes they will use a 
period when we use a comma.) 
("SH" acidity is the milliliters of N/4 sodium hydroxide (Neutralizer - which 
in the U. S. cheese industry is usually N/10 sodium hydroxide) required to 
neutralize to the phenolphthlein end point, the acidity in 100 ml of product 
(milk or whey in this instance). Notice that Prof. Bottazzi frequently uses 
only 50 m1 in some of his data. To make a quick calculation to approximate 
per cent lactic acid merely multiply the ml/50 by 4 and divide by 100.) 
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TABLE 2 
Monthly variations of the total microbic count in vat milk for the production 
area of Padangrana cheese ( ). 
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a) Total microbial count/ml 
b) Germs of the Coli- Aerogenes group/ml 
c) Proteolytic germs/ml 
d) Lypolytic germs/ml 
e) Heat-resistant germs/ml 
f) Acidifying germs/ml 
I 
"' I 
TABLE B 
A - Parrnesan- Reggian grana 
evening milk 
Vat: milk 
SH/100ml : 7 . 2 
%fat : . 2.15 
TML/ml :_ 2, 400 ,_coo 
. ......__ 
morning milk 
; - =~"-···,~·-~,~~•-=· •=· ·=· ~~=· =-·=--=-•= ... <~< ==~w~a"'"'") 
·.·J;:Jiting time 0 14 0 
·% fat 
T~~L/f.: l 
T .. ,aiting 
[!:/ .:. co .. , 
% fu.t 
T!·!L/: ~ 
7 
)00.0~0 
? - Padangrana 
evening milk + formaldehyde 
~··-_._-:; ...... ...,..... ... ~ • .=7"--:"'~"IP'"t~ 
time 0 6 
7,3 7,3 
~ C)n 
.):/'-' 2,10 
4.'3M~ <H)O.OOO A 
I 
v'at mill<: 
7,4 
0,70. 
A:!OO. OOO 
7 
3,60 
r-oo.ooo 
~orning·milk +formaldehyde 
~-) 
-1 
0 5 
7,3 7,3 
3,60 2,10 
.uao.aao .(100.000 
f 
vat milk 
SINGLE 
CHEESEMAKING 
SEPARATE 
CHEESE:~KP'G 
( o)•:he milk frcm the mornin·g mil k ing may even undergo · a wait of one or two hours . 
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Thus, the situation is one of constancy of the bacterial load for the vat milk 
intended for Padangrana cheese, and variability of the values of the microbial/ 
load for Parmesan-Reggian milk. 
It may be useful to examine also the values given in tables 3 and 4 for a more 
overall consideration . 
MICROBIAL COUNT REFERRED TO VAT MILK FOR THE PRODUCTION AREA OF PARMESAN-REAGGIAN 
GRANA CHEESE (O) 
Non lactic microflora (general microflora) 2,358,000 per ml 
Acidifying microflora 1,520,000 per ml 
Lactobacilli 1,100 per ml 
Enterococci 151,190 per ml 
Coliforms 9,075 per ml 
( 0 ) Figures taken from the work by: 
Carini, Cerutti, Ottogalli, Resmini and Volonterio, Ind . Agr. ~. 147, (1970). 
~ 
MICROBIAL COUNT REFERRED TO VAT MILK FOR THE PRODUCTION AREA OF PADANGRANA CHEESE (O) 
Total microbial load 66,900 per ml 
Acidifying microflora 20,700 per ml 
Coliforms 450 per ml 
Proteolytic microbes 680 per ml 
Lypolytic microbes 4,120 per ml 
Heat-resistant germs 7,815 per ml 
(0) Figures extracted from the work by: 
Battistotti, Premi and Bottazzi, Sci.Tecn.latt.-cas.,21, 379, (1970). 
As has been stated, this different situation is due to the different way in which 
ripening of the milk is achieved, and to the application of different technologies. 
The regulations on which the Parmesan-Reggian cheese production cooperative is 
based, specify that the milk from the mixture of two milkings (evening milk plus 
that of the morning) must be made into cheese, and this involves: 
a) a single daily cheese-making; 
b) a long stay of the milk from the evening milking in the creaming 
pans, while the milk from the morning's milking is not placed in them 
at all, or at most for 1-2 hours; 
-
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c) "ripening of the milk" which takes part to a large extent while 
the latter is in the pans; 
leading to: 
d) an increase of SH acidity from 0.4 to 0.6/100 ml; 
(NOTE: See Editor's note under Table 1.) 
e) a marked increase of the microbial count with particular reference 
to the mesophil groups; 
f) marked separation of the fat only in the case of milk from the 
evening's milking. 
By contrast, regulations which have left room for the innovations suggested by 
science and technology, in parallel with progress in the other sectors of the 
production cycle, such as that of the Padangrana cooperative, have permitted and 
even forced on the development and testing of rules differing from those given 
above, and based on the following points: 
1) separate cheese-making of the two milkings (double processing); 
2) shorter stay of the milk in the creaming pans; 
3) stoppage of bacterial reproduction in the milk during its stay 
in the pans; 
which, in turn, guarantee: 
4) markedly increased working capacity of the cheese plants; 
5) cheese-making with milk which, although "ripe" has a very low 
bacterial load, constant over the year, and this for 
reasons which we shall deal with in detail, later; 
6) better removal of spores of the genus Clostridium precisely 
because all the milk is allowed to cream; 
7) easier standardization of the fat content of vat milk; 
8) easier organization of controlled cheese-making. 
An idea of the differences can be obtained from the following diagram (see page 6 ). 
Thus, in the first case the milk undergoes the ripening process mainly in the 
cheese plant and precisely during its stay in the creaming pans, while, in the 
second, it reaches the cheese plant already ripe so that it is necessary to stop 
all further fermentation, using the bacteriostatic action of formaldehyde and 
twice daily processing. 
Thus, although by different routes, the purpose of ripening the milk is achieved, 
an aspect which is considered important for the quality of grana cheese. 
a2 - Formation of the mixtures 
For various reasons, formation of mixtures of several batches of milk originating 
from different producers is a valuable rule of cheese-making, and we shall attempt 
to recall these reasons briefly. 
A certain standardization is recommended to avoid that batches of milk particularly 
rich or poor in microorganisms and enzymes are distributed in different vats, with 
the result of obtaining shapes of grana cheese possessing even markedly different 
characteristics; this is attained precisely by mixing the batches of milk. 
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Ano ther advantage is linked to the greater uniformity which is reached in the 
capaci ty of c r eaming of the milk (agglutination of the fats and bacteria) which 
i s s pecially important for those areas which present marked variations, as we 
s hall s ee l a ter. 
The problem of the presence of small quantities of residual antibiotics in some 
ba t ches of milk is also remedied by their dilution in this way, obviously when 
the mass of milk to be made into cheese i 3 not too small. 
Formation of the mixture is recommended since it also compensates for chemical 
imba l ances of the single batches which could influence the dairy properties of 
the milk (duration of coagulation, consistency of the curds, ease of synaeresis, 
e t c .). 
In f act, considering this aspect from a wider standpoint, it may be recalled that 
it is not always possible to obtain good results in large cheese plants when milk 
f rom a single herd produced in the same environmental conditions is used for 
chees e production. 
With regard to this, our experiments carried out over a two-year period at a 
modern factory in the province of Parma (Bottazzi - 4 -), with definitely positive 
results, exist side by side with others (Annibali- 5 -) which reveal undoubted 
deficiencies. Moreover, the dairy technician has always indicated that such 
non-mixed milk presents many risks and that it is therefore good rule to mix 
the milk before it is distributed into the creaming pans. 
a3 - Agglutination of the bacteria and fats 
When dealing with the ripening and preparation of the milk for grana cheese, 
our attention must also be focused on the reasons for two technological choices 
which appear a t first sight to conflict with the easier solutions adopted for 
the production of other types of cheese. We refer to removal of bacteria from 
the milk and to standardization of its fat content. In fact, the techniques of 
pasteurization and application of centrifugal force have not been found suitable 
for correc t production of grana cheese. 
There are s everal reasons for this failure and it would take too long to examine 
them in detail. We shall merely point out that pasteurization and centrifugation 
modify the dairy properties of milk to the point that it is no longer suitable 
for use in producing grana cheese. 
In fact, the enzymatic endowment of the milk, both inherent enzymes and those 
microbial ori gin changes during beating and centrifuging due to destruction. 
The result is that it is no longer possible to utilize the activity of enzymatic 
systems believed to be of technological significance in the ripening process of 
grana cheese, such as those, for instance, controlled by esterases, peroxidases, 
proteases, xanthine oxidase, lipases, phosphatases, ribonucleases, as well as 
deaminases, decarboxylases, aminases, transaminases and still others of specific 
microbial origin. It is quite easy to understand the material impossibility of a 
balanced reconstitution even considering only those inherent enzymes of milk, which 
Shahan! (6) indicates as not less than 19, and those of microbial origin which 
accumulate during ripening of the milk and which are only partly the same as 
those identified by Dwivedi (7). This is why pasteurization cannot be accepted 
as a n improvi ng treatment. 
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Moreover, pasteurization does not offer any advantages to solving the problem 
of the presence of spores of the genus Clostridium in milk which are so greatly 
responsible for provoking swelling phenomena during the ripening of cheese. 
Furthermore, pasteurization heat treatment leads to partial denaturation of the 
soluble proteins which combine with casein, giving rise to complex micelles and 
remaining incorporated in the curds, modifying their structural characteristics. 
A change also occurs at the salt level, shown by a longer coagulation time and 
weaker curd with less shrinking and harder to work, since they are not able to 
aid the physical and mechanical stresses which lead to firming. 
The certainly numerous researches clearly indicate and also explain how the 
diameter of the casein micelles change (they are smaller in milk after pasteurization), 
the soluble calcium and phosphorous content falls, and the colloidal calcium 
and phosphorous increase, sometimes even precipitating in the form of tricalcium 
phosphate. 
It should also be remembered that the citrates become insoluble, thus changing 
the picture still further. 
Application of centrifugal force also has a great negative effect since it causes 
variations in the level of the mineral components, and, above all, leads to 
greater distribution of the microorganisms. Having passed the first stage of the 
centrifuga. t !.on process which is characterized by a fall in the microbial load 
of the milk, a marked increase then occurs precisely due to the beating and washing 
out, determining a particularly unfavourable situation, as a result of the milk 
running along the walls of the drum and the centrifuge disks on which the first 
fraction of milk has begun to form a deposit of bacterial material. Our direct 
cheese-making experience (31) has led us to observe swelling of the shapes of 
cheese from milk of standardized fat content due to centrifugation, even in the 
brine stage. 
Thus, the road of pasteurization and centrifugation is blocked for grana cheese. 
Consequently, the only thing to be done to reach the same objectives without 
varying the natural properties of the milk is to exploit intelligently the me-
chanism which milk naturally prossesses - the agglutination of fats and bacteria. 
Some explanations should be given immediately in order to follow better what will 
be dealt with in this particular aspect of the technology of grana cheese. First 
of all, it should be remembered that at the moment of its secretion (8) a membrane 
of cytological origin consisting of a pool of cholesterol, phospholipids, proteins, 
enzymes and other surface active molecules forms on the fat globule, overlying the 
"native" surface. 
According to King (9), the structure of the membrane is due to a layer of polar 
phospholipids and to other less polar lipids such as cholesterol, vitamin A, etc., 
in association with molecules of high-melting triglycerides to which protein 
chains fix (Knoop - 10) with a radial configurationn and fluctuate in the milk 
plasma. 
With a membrane of this type of fat globules in milk do not give rise to a micro-
scopic immiscible emulsion in which the two phases (fat and aqueous) tend to 
separate according to Stoke's law. 
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In fact, they take part in a specific mechanism which leads to the rapid and 
abundant formation of the layer of cream, passing through the formation of 
aggregates formed of several fat globules. 
Several theories have been postulated to explain this mechanism and, after a 
careful study, Dunkley and Sommer (41), in 1944, were the first to suggest the 
hypothesis that an agglutination process was involved. 
Ten years later, Samuelsson, Bengtsson, Nilsson and Mattson (12) were able to 
confirm this hypothesis after isolating the agglutinating substance, and studied 
its properties. 
Our most recent studies {Bottazzi, Dellaglio and Sarra (13) - Bottazzi, Corradini 
and Montescani (14) have led to better interpretation of the phenomenon, explaining 
the agglutination as the consequence of the formation of immunoglobulin bridges 
between the fat globules, with the assistance of plasma ions which would take 
part in the formation of bonds of non covalent nature that are set up between 
the components of the membrane and the other protein substances involved in the 
phenomena. 
Figures 1, 2, 3, 4 and 5 (see following pages) give a sufficiently clear idea 
of the sequence which appears to characterize the agglutination process of that 
fat globules. 
Fig. 1 reproduces the fat globules, most of which are isolated, the first small 
but not yet morphologically clear primary aggregation units being visible in only 
some microscopic fields. 
Observation of figs. 2 and 3 is certainly more interesting since the first true 
aggregates bf several fat globules commence to become numerous while at the same 
time it is possible to detect the moment at which the globules tend to arrange 
themselves in line, to form short chains of four, six, ten or more elements. 
Other globules then bind around these first units formed of globules of different 
sizes, and retain a distinct longitudinal development while the aggregate is 
still not very large. This aspect is clearly seen in fig. 4 where aggregates 
of fat globules which have reached a longitudinal development three or four times 
greater than the transverse measurement, are quite apparent. Finally, fig. 5 
shows the formation of large masses which assume a rounded shape following union 
of very many fat globules which then rapidly rise to the surface, for Stoke ' s 
law no longer interesting a single globule. 
The morphology assumes by the fat aggregates in fig. 5 leads us to think that the 
second aspect of the agglutination process is characterized by development of 
the aggregates no longer in prolongation along the first direction, but along 
a second line passing through the centre, perpendicular to the first. Or else 
it may be thought that aggregate units developed in the longitudinal sense 
join, curve, the two ends finally combining to form round full masses, or doughnut 
shapes, according to their degree of contraction and the number of globules 
fixed to the sides of the main development axis. Further examination of figure 4 
could serve to reinforce these considerations; in fact, the letter A indicates 
an aggregate developed along a main axis, E the union of two aggregate, and G the 
aggregate which has assumed a doughnut shape. 
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However, the subject matter extends even further when considering that antibodies 
capable of agglutinating bacteria are associated with the immunoglobulins. 
Fig. 6 illustrates moments of the agglut ina t ion process of bacteria in milk 
i nduced under laboratory conditions by the addition of immunoglobulin fractions 
(IgM). 
Thus, immunoglobulins which aggluti nate fa t globules and others which agglutinate 
bacterial cells exist; moreover, the work of Stadhauders and Hup (15) reveals 
that a third group of immunoglobulins-antibodies exis t s, capable of fixing th e 
bacteria to the fat globules . 
The s ubstances agglutinating fat globules and those fixing the microor ganisms 
to the fat globules are cryoglobulins (IgM) which may , that is, separa t e a t low 
temperatures ; they differ from the substances agglutinating bacteria. 
Thus, in a diagramma t ic representation, drawn only for the purpose of simplifying 
the interpretation, the three active groups of immunoglobulins could be as rep-
resented in fig . 7, in which the bridge labelled A indicates the bond be tween 
two fat globules, B that between a fat globule and a microorganism and, finally , 
C the bond between two bacter ia . 
Fig . 1 -Mainly isolated fa t globules . 
Fig . 2 - Appearance of the first s hort aggregation units. 
Fig . 3- Formation of the firs t small aggregates of several fat globules. 
Fig. 4 Formation of an aggregation unit at A, un ion of two units at B, 
and at G, formation of a do ughnut - shaped aggregate. 
Fig. 5 Final s tage of aggregation with the presence of large bulky 
aggregates of many fat globules. 
Fig . 6 Agglutination of bacteria in milk. 
Fig. 1 Mainly isolated fa t globules . 
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Fig. 2 Appearance of the first short aggregation units . 
Fig. 3 Formation of the first small aggregates of several fat 
globules . 
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Fig . 4 A) Formation of an aggregation units 
E) Union of two units 
G) Formation of a doughnut-shaped aggregate 
Fig. 5 Final stage of aggregation with the presence of large 
bulky aggregates of many fat globules. 
...... _ ....... 
Fig . 6 Agglutination of bacteria in milk. 
Still with r einfor ce to fig. 7, the possible formation of the aggregated unit 
of fat globules and microorganisms has been represented diagramatically with regard 
t o the second line of development. To obtain an idea of the intense effect 
of agglutination, considered as a n alternative to pasteurization and to skim-
ming by centrifuging, we feel it useful to s ummarize some results of our s tudies, 
in t ables 5 and 6. 
The data in t able 5 r efer to laboratory controls ; by contrast , thos e of table 6 
concern evalua tions made of samples taken direc tly at the cheese plant during 
grana cheese production . 
With the practical possibility of utilizing the bac terial and fats agglutination 
process now available, we are certainly in a position to be able to prepare the 
milk according to an i rreplaceable technology, since no process less denaturing 
of the dairy proper t ies of milk is known. 
However , for several years now, the difficulties of main t aining the cr eaming 
process with i n the normal technological times have been accentuated, especially 
in some zones of the Padangrana production area, for reasons still not known. 
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In f a ct, milk with poor creaming capacity is quite common. The following could 
be an example of milks wi th different creaming capacities : 
2 
3 
4 ' 
5 
6 
A) Milk of normal creaming capacity: 
% initial f at • 4.10 
% fat after two hours' creaming at 16°C = 2.00 
% creamed fat • 52.50 
initial total microbial count • 3,400,000 per ml 
total microbial count after two hours' creaming • 58,000/ml 
% of bacteria removed = 98.3. 
TABLE 5 
EFFECT OF AGGLUTINATION ON THE REMOVAL OF BACTERIA FROM MILK. 
(Laboratory s amples ) 
Tot .micr ob . Prote olytic Lipol ytic Coliforms 
co un t gerl'!'.s ge1::rns 
.. 
~ ( 0) • per iiil I (0) per ·ml (0) per ~l~(o)_ 0 l 17.(i(l() !LOGO absent 2 hrs 6.0{)() 9S.S I.WJ S&,S I.SOJ &3,7 ~ 
2 hr s' 
2 hr!; 
fj 
2 hrs 
0 
2 ht;s 
2 hrs 
32~.GJO I &.000 70.00:1 1.500 
19.000 
I 
9;;1 1.20,0 . &5,0 6.WO 90,1 160 S9:1 
3.70J.OOO 20G.CJ~ J.On).(;l:{l L9~.0JO 
-H.OO'J 93,8 7.C0~ 96,5 21J'J0 I 91,9 5.1'>J 9$,3 
I ,.9•JQ.frJJ I 500.(-~J I 3.(·fi1.0.J) 205W~ I S{HOOO I 9/. ,0 4D.cc:J 92,1) I7u.o·_:9 95,3 6J~J I % ,7 i I I I 1.-;.o.;o.cGo I 4(1~_[).)0 3.0!"KJ_(I.J;) l .OSCl.'lJ!J 1 373.0~" j 97.~ •!.: ;o 9S,9 ~DJ1JV ! 91,0 3.5.!0 i 9'.J;j 
1;7_n;;o.ooo 3:,.o::-o I ; 3.0U~~-~J~· I 1.63G.OJO ! !l.@GOOj $5,2 ·t7J.) l E4,4 I ~o-J.MI I 97,0 6.l:l'J I ~~.(. 
( 0 ) % microbes elimination 
I 
,.... 
.-< 
I 
TABLE 6 
EFFECT OF AGGLUTINATION ON THE REMOVAL OF BACTERIA FROM MILK AND CREAMING OF THE FAT. 
(Samples from cheese plant) (0 ) 
~'"' ~ icrobial P.· ountlml 
~ n in' 
"' r ·i va l vat 
~ 1.400.000 80.000 
~ 950.000 67.000 
:5 1.2SO.OOO 81.900 
4- 700.000· 72.000 
5 840.000 70.000 
(, 4.000.000 43.000 
1 5.300.000 125.000 
Proteolytib Lipolytic I ~cid ifyingl Coliforms lklostr! I u . 
I l I l · 1 1 d H lnt I ,, ml } k germs m germs m g er.ms m p e r ml ,.'!.!~0~2..:· - __ 
in I in i n I in in I in l l.n i i n l in j in i n I .u1 
~~~ vat _
1 
an:~. ~J:-1-.E..f.f_. _ ,~t_ ,~!:E.:.. vat. arr .~y..?_t; __ 
. I I l \ ; 
8.s.oo uoo m .ooo n ovo 1 3s.IJCo II s.sou 3.tC:i J 3") •
1
 ,;"/fo : -:/:::9 .:.:::: i ;. · :· ,:: 
I , . '·' r J, . "- .'0 I •. .. , 
17.000 500 90.CGO 3.500 ' !S.Sbo I s.coo wo ' 2~0 i·: ~, .,:J ' - ! ' ~ -· ' i ·-· - .. 
25.400 800. 130.500 16.000 27.000 12.500 6.7CO il 16C• \ i /:'0: D/c'Ol:;·U' ! .:. ~ O 
I .. ~ I ,,.. " I .. . , ... ~ :·:.co 
8.500 1.100 . 80.000 1.500 23.500 7.000 4.100 I ~0 ! : ~1~ ! ~:,i--~. i :· :,~ i j. ~) 
6.0oo 
1 
. 2.5oo 1s.ooo 1s.oo0 20.5oo 2s.:Joo LiGo :.· ::s 1- ,., , , , .. ,. · -'· l t ! ', : ; 
400 48.000 2.300 I ,·:; l.'l,: i/5')!35:> I:'.~.') 17
o.ooo I 90.000 12.500 175.0CO 
1
. 2C7 _
1 
:,' ,' .~ 
1 
"'; -r· j ~·GO , ~ - . 
00 
230.ooo 1.800 790.ooo 19.ooo 5oo.coo_ I s7.000 !Oo.ooo I 350 :: p<~ j"' - --~-· ! -
( 0 ) The creaming time las ted six hours 
( 00) Assayed according to the method reported by Bottazzi and 
Dellaglio (16). 
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Fig. 7 - Agglutination diagram of fat globules and bacteria. 
A = bond between fat globules 
B bond between fat globule and bacterium 
C = bond between bacteria 
D • initial stage of the agglutination process. 
B) Milk of poor creaming capacity: 
% initial fat • 3.90 
% fat after two hours' creaming at 160C • 3.45 
% creamed fat • 11.53 
initial total microbial load • 3,100,000 per ml 
total microbial load after two hours' creaming • 1,473,000 per ml 
%bacteria removed • 52.5 
On the basis of the method introduced by Bottazzi et al. (16) to assess the 
creaming capacity of the milk (creamign index) or (cluster index) the control, 
carried out in the province to Cremona, on a total of 24850 kg of milk from the 
afternoon milking, delivered by 125 milk producers to the cheese plant, gave the 
following percentage distribution: 
<20 
2.43% 
creaming index 
20-40 
43.65 
41-60 
48.96 
,. 60 
4.95 
Bearing in mind that the normal creaming condition occurs at a creaming index 
exceeding 50, the above data show a truly abnormal an1 worrying situation which, 
quite independently of its causes, requires wide-scale experimentation aimed at 
discovering the technological know-how capable of returning the behaviour of the 
milk in the creaming pans to normal. 
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As a result of these studies in depth, we have reached the practical observation 
that it is possible to "activate" the agglutinating properties of milk with poor 
creaming capacity, and to obtain a marked reduction of the creaming times for 
normal milk, so opening up the possibility of advanced technological cheese pro-
duction cycles. 
Starting from the observation that basic differences exist between the milk from 
different herds, and that the composition and properties of the fat globule 
membrane are negatively influenced by the time between milking and delivery of 
the milk to the cheese plant, and the manipulations and treatments which the milk 
undergoes during storage at the stables and transport (shaking, incorporation of 
air, etc.), it appears necessary to return at least the original characteristics 
to milk of normal creaming capacity and also to improve any abnormal milk. 
Activation of the immunoglobulins system may be achieved by subjecting the milk 
to heat treatment followed by rapid cooling and immediate distribution of the 
milk into the creaming pans, according to the scheme given below which permits 
obtaining the following technological conditions: 
1) Milk with 45-50% of creaming index between 20 and 40: 
-activation conditions: 40°C - 19°C 
-creaming time: 6 hours 
2) Milk with 90% of creaming index "nder 20: 
-activation conditions: 600C - 19°C 
-creaming time: 6 hours 
3) Milk with 90% of creaming index over 50: 
-activation conditions: 60°C - 19°C 
-creaming time: 90 minutes 
The reasons to hand are still insufficient to completely explain the effect of 
activation- which we call "agglutivation11 • However, considering that milk loses 
part of its creaming capacity on storage and that changes occur in the fat 
globules after secretion, due to transfer of part of their components to the 
plasma, it may be thought, also because the process is reversible, that the 
globule membrane is recomposed while at the same time immunoglobulins are 
adsorbed. 
On the whole, the advantages obtained with agglutivation may be listed as follows: 
1) Agglutivation permits bringing all batches of milk with insufficient 
agglutinating properties to normal creaming . In this way, these batches are re-
covered, in respect of the technological times, without having to reduce the 
height of the milk in the pans, a matter which is always a serious obstacle to 
organization of the transformation cycle as well as a limitation of the plant's 
capacity to convert milk into grana cheese. 
2) Moreover, the agglutivation technique leads to the formation of a 
compact, clear-cut layer of cream, rich in bacteria, so facilitating discharge 
of the milk from the pans and preventing the semi-fat milk becoming remixed with 
the lower layers of the cream, especially during the final stages of this operation 
with the result of microbial recharge of the milk and variable irregularities of 
the fat content. 
3) The minor volume of the cream, although with higher fat content, 
permits making available a larger quantity of milk for transformation into grana 
cheese. 
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4) The agglutivation treatment, carried out on milk judged not slow to 
cream, permits sensible reduction of the time in the pans, In fact, creaming can 
be completed within 90 minutes. As a result, it is possible to organize the cheese 
manufacturing cycles with shorter times, permitting greater utilization of the plant 
or, in any case, a more convenient choice of working hours. 
5) The shorter creaming time also permits obtaining a sweeter cream with 
better qualitative properties for butter-making. 
6) Another advantage of application of activation of immunoglobulins 
is seen at the level of the true and proper cheese production from the milk, that 
is to say, at the vat operations, with appreciable better "core 11 of the curd and 
improved ease of "drainage". 
7) Finally, use of formaldehyde can be abandoned in view of the possi-
bility of shortening the time the milk remains in the creaming pans, as creaming 
requires less time. 
a4 - Formaldehyde content 
It was mentioned previously that in the Padangrana production area formaldehyde 
is used for the purpose of exerting a bacteriostatic action during the period that 
the milk remains in the creaming pans. The reasons for this have already been 
stated and we now need to add only elements explaining the detail that the quantities 
used have ~ bacteriostatic effect lasting 6-8 hours in the milk and have no anti-
swelling effect on the cheese. 
On our part (Bottazzi and Dellaglio (17)), we wished to determine the quantitative 
distribution of free formaldehyde in the milk, whey and fresh cheese, obtaining 
the results given in table 7. 
With an addition which, on the average, leads to 26 meg of free formaldehyde per 
ml of milk at the moment of starting cheese production, the figure falls to 
3.50 mcg/gm in the fresh cheese. Now, considering that 100 litres of milk give 
rise to 7 kg of fresh grana cheese with a 40% moisture content, the following 
calculation can be made: 
- quantity of free formaldehyde per 100 kg of milk 2522 mg 
- total quantity of free formaldehyde present in 7 kg 
of fresh cheese 24 .50 mg 
percentage free formaldehyde detectable in grana cheese 
obtained from 100 kg of milk 0.971 
At the end of salting, that is to say, 26 days after production, the average value 
is even lower, being about 2 mcg/mg, while an increase is seen in the brine stage, 
as a result of the fact that during the salting process whey oozes from the 
wheels or loaves of cheese, for the equivalent of 5% of the total weight of the 
fresh shape . Thus, the quantity of formaldehyde present in fresh cheese is very 
small and in any case well below the bacteriostatic level for lactic ferments. 
In fact, lactic fermentation continues regularly as a result of the normal develop-
ment of the homofermenting heterofermenting thermophil lactic ferments. 
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TABLE 7 
Distribution of formaldehyde in the whey and in fresh grana cheese 
Ind i cation s 
Quantity of HCOH re ~ err·ed to 15 different chco;>se €'i·gg~c-
10 II 12 13 IJ 
Values expressed in mcg/ml 
Vat mr lk 26.0 2.) . J 2,;,2 2i,O 2f .. 2 26.0 2.i,l. 2-1.0 2.).2 3.lJ• 3:!.0 32.2 31,0 2-t.O 21,:; 
-Ser urn after' coo k _i ng22.0 2 1,h 22.-1 22.-1 21,!; 22.2 21.() 22.2 n .. ~ z;.o 20.0 2;.n 28.·1 21.7 :l;!:t 
Serum afterC"I )6,; }1),0 16.1 li,O 17.& l i. 1 lft,ti 10;1 IM 2l),(, 20,9 21.2 22.0 lf·Jt · l<i.fi 
<S-t-anding 
Va Lue·s · expressed in mcg/gm 
6-hour chec!><; 3/l'l 3A~ 3,10 3.:1:" ~.00 :l, 't!l. 3.3a 3,10 3.1.) ~.03 j,{};J ,';,Ill ~.23 -~ .(.') 3.70 
----------
,. , Th e cheesy mass i s a I I o"ed to stand under scr· urn in a rvoodcn tub , 
u s u a ll y for an hour . 
TABLE 8 
Variations in the free formaldehyde content during the development of thermophil 
lactic ferments in the whey (cheese-making conditions) 
<= 0 
.... 
.. 
"" "' 0 .. 
.. ~ 
~ ~ 
.... 
"'"" 
Values of free formal~ehyde expressed as mcg/ml 
1 23.5 
2 24.0 
3 24.5 
4 25.0 
5 24.8 
6 23.5 
7 24.5 
8 26.0 
9 21.8 
10 26.0 
Average value 24.3 
Average progressive 
reduction value -
18.0 
17.2 
18.5 
18.0 
16.5 
17.2 
15.5 
17.0 
14.5 
16.8 
16.9 
7.4 
16.2 
17.0 
15.4 
14.8 
14.5 
16.0 
12.2 
13.0 
11.5 
14.0 
14.4 
9.9 
11.5 
12.8 
12.6 
10.4 
11.0 
11.5 
9.2 
10.0 
8.5 
10.4 
10.7 
12.6 
12.0 
11.2 
11.8 
14.5 
13.8 
12.0 
15.5 
16.0 
13.0 
15.5 
13.3 
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An interesting aspect is that linked to the free formaldehyde variations 
occurring during ripening of the whey starter. As is known, the whey starter is 
prepared by allowing part of the whey left over from cheese-making to ripen in 
suitable containers . 
As has been seen, this serum contains 28 mcg/ml of formaldehyde. A series of 
tests which we performed (Bottazzi and Dellaglio (18)), have shown that the free 
formaldehyde falls greatly during development of the lactic microflora. In 
general, as table 8 shows , the reduction during the first 24 hours' fermentation 
is about 10 mcg/ml of serum-ferment. 
The most marked reduction, equivalent to 7.5 mcg/ml, occurs in the first 12 hours 
of fermentation, between the sixth and the twelfth to be exact, coinciding 
precisely with the interval of the maximum development of lactic ferments. In 
this case the biological whey starter system is constantly exposed to the action 
of the chemical agent which certainly provokes stress, and the lactic ferments 
react to this with a metabolic response capable, as has been seen , of lowering 
the formaldehyde level. 
As a result of the induction of specific enzyme system, the formaldehyde is 
metabolized but the response of the single natural cultures varies and leads 
to different technological conditions. Thus, we find sera-enzyme which acidify 
regularly with an initial dose of 25-27 mcg/ml of formaldehyde, while others do 
not toler~te more than 8-10 mcg/ml of formaldehyde. The results of our studies, 
although only partial, indicate that generally speaking the sera-ferments with weak 
metabolic activity towards formaldehyde are those with a majority of biotypes of 
low acidifying power such as, for instance, those indicated by Mt,Mca and Mba in 
table 9. 
From the technological standpoint, sera-ferment capable of developing well at 
the normal doses of formaldehyde added to milk are certainly better, for the 
following reasons: 
a) to guarantee that metabolization has already started in the time 
covering the cheese-making vat stages; 
b) to ensure that acidification of the mass drops to pH 5.20 within 
12 hours from the start of production; 
c) to ensure that the serum drains from the fresh shape, favoured by 
the intense acidification process, when the mass is still at a 
temperature exceeding 44°C. 
The problem connected with the use of formaldehyde may, however, be reconsidered 
when a technological production cycle based on application of the agglutivation 
technique for rapid agglutination of bacteria and fat globules is lined up. 
B - Use of refrigerated milk 
The time to tackle the problem of utilizing refrigerated milk has now arrived for 
the Padangrana production areas and is knocking at the door for the Parmesan-
Reggian grana cheese areas. 
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The accentuation of a given feature of the milk production cycle and of its 
transformation into grana cheese, along with the needs dictated by many human and 
social reasons linked to night work and the necessity of making the milking time 
independent of that of the transformation of milk into cheese, forces us increasingly 
t owards the reality of having to refrigerate the milk at the farm. 
These leads to a series of new themes in which the microbiological and technologi-
cal aspect is present to a different degree than in the past, leading to new 
problems solvable only through suitable research and experimentation. 
In the search for valid technical solutions we have placed at the forefront the 
objective of limiting as far as possible problems connected with the development 
of psychrotrophic bacteria and those of physicochemical nature due to the intense 
and prolonged cooling. One of the combinations considered suitable is the follow-
ing: 
- cooling to S°C; 
- duration of refrigeration, 12 hours; 
- addition to the cooled milk of non refrigerated milk from the next 
milking, followed by transport to the cheese plant; which can be 
briefly expressed as follows: 
S°C x 12 h + F 
where F is precisely the fresh milking. 
Milk thus treated requires a longer coagulation time, by about 10%, but does not 
lead to drawbacks from the technological standpoint or interferences during the 
various cheese-making stages. 
Refrigeration at S°C for 12 hours has only a slight effect on the salt balance of 
some mineral components; in fact, the soluble fractions relative to calcium and 
phosphorous increase but slightly. The buffering power of the milk is somewhat 
modified, and there are also slight repercussions with regard to the rheological 
characteristics of the curd. 
While the above, taken as a whole, does not involve conditions requiring particular 
technological know-haws, a serious problem arises also for the soc x 12 h + F 
combination, that is, the problem regarding the creaming and agglutinating capacity 
of the milk. 
A long series of tests run in both the laboratory and the cheese plant, have 
allowed us to observe that for fresh milk with creaming index 30, the effect due 
to the activation treatment is progressively stronger from 40°C to 60°C without 
any waiting, while for the same milk cooled to S°C and stored for 12 hours, the 
effect is nil or negative from 40°C to 53°C and is only definitely positive at 
60oc without waiting. 
The period of storage at S°C and the shaking which the milk undergoes certainly 
influences the composition and properties of the fat globule membrane (Bottazzi 
and Premi (19)) and this, along with the variations, although small in our case, 
of the calcium and phosphorus content of the casein micelles, and the electrophoretic 
mobility of the K-casein, for the fact that the soluble proteins increase (Perhotam 
Kumar Sabarwall and Gangui (20), and Corradini and Bottazzi (21)) may help in 
understanding the different behaviour of the milk. 
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In practice, the new reality now looming up, is the fact that while a non refri-
gerated milk from areas with creaming difficulty, may be restored by means of a 
6-hour stay in the pan with activation at 40°C, by contrast, the same milk instead 
50% refrigerated and 50% fresh, must be activated at 60°C. 
However, a very important part is played by the basic creaming properties of the 
refrigerated milk. 
In fact, the results obtained from the refrigeration of milk with a creaming 
index of 60 are quite different from those of milk with a creaming index of less 
than 30. 
A significant example is the following: 
A. Creaming index: 30 
milk from 9 producers 
% age fat: 3.SO 
J 
refrigerating conditions: 
soc x 12 hours 
i 
addition of non refrigerated 
milking 
B. Creaming index: 60 
milk from 6 producers 
% age fat: 3 . 80 
~ 
refrigerating conditions: 
8°C x 12 hours 
~ 
addition of non refrigerated 
milking 
Activation: 40-19°C Activation: 60-l9°C Activation: 60-19°C 
L 
six-hour wait 
~ 
fat of vat milk 
2 .95% 
J 
six-hour wait 
fat tf vat milk 
2.30% 
t 
six-hour wait 
fat of vattmilk 
1.35% 
It may therefore be deduced that it is advisable to estimate carefully what milk 
should be refrigerated and thus, at present, choice of the milk on the basis 
of the creaming index is necessary for areas with difficult creaming. 
The problem obviously does not exist for areas with normal creaming and it may 
be concluded that once achievement of good agglutination of the fat and bacteria 
is guaranteed, the indicated refrigeration conditions are not objectionable in 
the production of grana cheese. 
Comparative cheese-pr oduction has fully demonstrated that the use of refrigerated 
milk is technically acceptable when the usual hygienic milking rules are com-
plied with, when the milk is mixed with the fresh milking, and then the cream-
ing index is also taken into account. 
Finally, it is clear that with the use of milk refrigerated at S°C for 12 hours, 
plus the fresh milking, we return to mixing the two milkings for cheese-making, 
but the difference still remains, compared with traditional conditions, that all 
the milk is subjected to the agglutionation process. 
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C - Role of lactic ferments 
Up to near the end of the last century, no cultures of lactice ferments were used 
in the production of grana cheese. Obviously, the lactic microflora that the milk 
collected, from milking to the transformation into curd, was sufficient to justify 
cheese-making into grana cheese from the technical standpoint. 
However, from the economic aspect, grana cheese production must have often been 
worrying in view of the incidence of fermentation with gas production due to 
Clostridia (late swelling), since around 1890 such a competent and enthusiastic 
expert as Notari posed the problem of a method of testing suitable for reducing 
damage due to swelling. 
After various tests, Notari became convinced that an action counteracting that of 
Clostridia could be obtained after enrichment of the milk in lactic cultures and 
raising of its titratable acidity at the moment of coagulation. 
Thus, the area of Reggio Emilia saw the birth of whey starter or natural culture 
of lactic ferments in whey which was prepared by allowing the residual whey from 
a grana cheese processing to acidify for 24 hours. 
Its use, which represented one of the major innovations in the technology of 
grana chceoe, spread rapidly and is nowadays a highly important pivotal point. 
Compared with that of Notari, present day whey starter has a very different 
microbiological picture, indicating a profound transformation process which we 
feel interesting and worthy of a rapid examination at least . 
The first scholar to study whey starter from the microbiological point of view 
was Fascetti (22) who in 1910 demonstrated that whey starter left to incubate at 
30°C for 20 hours, as was then the custom, were characterized by the presence of 
"a variety of Bacterium lactis acidi Leishmann and by an acidifying lactic 
bacillus". At the same time, he pointed out that lactic streptococci predominated 
when the acidity of the whey starter was low, and the bacillary forms were in 
the majority compared to the cocci, when the whey starter was more acid . Bacterium_ 
lactis acidi, which Fascetti also indicated as Streptococcus guntheri (23) is, 
according to Politi (24), a synonym of Streptococcus lactis and the "acidifying 
lactic bacillus" would be synonym of Bacterium casei which is better known as 
Lactobacillus casei. Thus, whey starter incubated at relatively low temperatures 
were used at the beginning of this century and consequently presented low acidity 
and a micorflora characterized by mesophil lactobaccilli consisting of coccal 
and bacillary forms. 
Certainly, the experts of that time must have worried about a whey starter of 
similar characteristics since the simultaneous development of micorbial forms 
damaging to cheese production could easily occur, and thus it could be dangerous 
once added to the milk under processing. In fact, Gorini was dead set against 
such a whey starter for this very reason. 
A work by Dalla Torre (25) in 1920, which is certainly more in depth than that of 
Fascetti, reveals that the bacillary forms are represented by "coagulation 
bacilli" and "coagulating gas-producing bacilli" and the coccal forms by Bacterium 
lactis acidi (Str. lactis). The "coagulating bacilli" which, according to the 
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Author, coagulate milk in four days, may be considered to be Lactobacillus casei 
and the "coagulating gas-producing bacilli", mentioned for the first time, are 
probably Lactobacillus ferment!. 
According to Dalla Torre, "coagulating bacilli" predominate in the hot season, and 
in the cold, by contrast, "coagulating gas-producing bacilli", while the coccal 
forms attributable to Streptococcus lactis are always numerically well represented 
whatever the season . As can be seen, the lactic microflora of that time still 
consisted of mesophil and heterofermenting forms of low acidifying power. Yeasts 
as well as various schizomycetes quite often accompanied the lactic microflora. 
The studies of Dalla Torre were followed by those of Bondioli (26) in 1930, aimed 
specifically at ascertaining the conditions capable of varying the cocci-bacilli 
ratio of the serum-ferment (whey starter) . At that time, a serum-ferment (whey 
starter) containing roughly the same number of coccal and bacillary forms was 
preferred for the preparation of grana cheese, and to achieve this ratio the 
serum had to be incubated at 22°C for 24 hours, 30°C for 4-5 hours, or 41°C for 
3 hours. 
Later, in 1943, Bartoli (17) observed for the first time that the microflora of 
whey starter did not consist only of mesophil forms but of these plus thermophil 
lactic forms. He distinguished the bacterial forms present in "casei type" 
bacillary forms, mesophil lactic streptococci and "bulgaricus type" bacilli. 
Less than ten years later Renko (28) succeded in showing that the microflora of 
whey starter consisted exclusively of thermophil forms and precisely of lactic 
bacilli belonging to Orla-Jensen's genus Thcrmobacterium. Renko brought to light 
the morphological and physiological characters of these, supplying a first detailed 
and valuable description. Politi (24), followed by Lucca (29) and Carbone (30) 
subsequently confirmed what Renko had revealed . 
In 1962 Bottazzi (32) returned to this subject and showed that the species always 
present in whey starter, and also always predominating, is Lactobacillus helveticus, 
associated with Lactobacillus lactis and Lactobacillus fermenti. 
All these studies on the composition of the whey starter microflora show that 
significant variations have occurred over the decades. In fact, starting from 
a mesophil microflora consisting of bacilli and streptococci, we have reached a 
microflora composed of thermophil lactobacilli only . Consequently, substitution 
of the microflora has led to a different acidity value of the culture and a 
different preparation technique. 
When first used, the whey starter was incubated at about 30°C, generally in 
wooden containers, and the acidity reached 12- 15 SH per 50 ml (0.48 to 60% 
calculated as lactic acid). It is nowadays incubated at much higher temperatures 
47-52°C. - reaching even double the acidity values, that is, 28-32 SH per 50 ml 
(1.12- 1.18% titratable acidity). 
The changes which it has undergone from the moment of its introduction into the 
technology of grana cheese, up to now, can be chronologically summarized as 
follows: 
year 
1890 
1 910 
1 920 
1 943 
194 7 
194 7 
19 53 
1962 
1967 
19 73 
Notari 
Fascetti 
acidity in 
S:-=/50 ml 
12-15 
12-1 5 
Dalla Torre 12-15 
Bartoli 
Parisi 
Renko 
Poli ti 
Bottazzi 
Matteuzzi 
Bottazzi 
1 5-20 
24-25 
25-30 
27-30 
26-32 
26-32 
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i ncubation 
te:n perature 
28-30 
30 
30 
35 
40-45 
45 
47 
47-52 
47-52 
micyoflora 
meso phil lactobacil-
li and streptococci 
mesophil lactob~cil­
li and streptococci, 
and heterofermenting 
lactobacilli 
mesophil and thermo-
phil lactobacilli 
thermophil lactoba-
cilli (Orla-Jens en 
The:r.nobacte r i um 
group ) 
Thermophil lactoba-
cilli (Orla- Jensesn 
Thermobact~rium 
group ) 
L.helveticus , L.lac-
tis and L. fermenti 
L.helveticus (L.ju-
gurti) 
L.helveticus-various 
bio t ypes L.lactis 
and L . fennenti 
Recent developments in microbiological research CMatteuzzi (33) and Bottazzi et 
al. (34) have led to the observation that we are faced by a natural culture of 
complex nature not so much for the species forming it, but for the many biotypes 
of L.helveticus therein. 
Bottazzi et al. (34) were able to ascertain that only a few strains ferment 
maltose and galactose while the majority ferment galactose but not maltose and 
still a good percentage of the strains ferment neither galactose nor maltose. 
Thus, the microbial population in the whey starter is dominated by L.helveticus, 
generally represented, as far as fermentation is concerned, by the biotypes MAL-, 
GAL+ and MAL- GAL-. Great differences exist also as regards the acidifying power, 
presence of free diaminopimelic acid within the cell, proteolytic power, sensi-
tivity to the presence of xanthine-guanine, morphological appearance, and optimum 
temperature of development. Figure 8 is significant with regard to the latter 
aspect; it distributes strains comprising the serum-ferment population into four 
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aggregates. Aggregate A includes all those strains which show the greatest 
intensity of development in the incubation range between 43.3°C. and 46.5°C., 
and aggregate B those which develop best between 41.6°C. and 44.8°C., and thus 
in an interval of 3.2°C. To these must be added aggregate C, the strains of 
which fall within the interval between 43.3°C. and 44.8°C., and aggregateD 
which is positioned between 41.6°C. and 4J.JOC. 
I 
I 
41 
AI 
B 
c 
0 
42 43 44 45 o•c 
FIG. 8 
Diagramatic distribution of the aggregates of 
strains A,B,C and D forming the serum-ferment 
population, according to the growth temperature. 
With reference to these last two groups it is obvious that the temperature 
interval at which greatest development occurs is about 1.5°C. and thus that 
even for a mere practical evaluation they are least suitable to the serum 
environment of fine cheese-making. 
However, as no whey starter with dominant strains falling within one or other 
aggregate have been found, it may be stated that the thermophil lactic population 
of a whey may develop with almost optimum intensity between 41.6°C. and 46.5°C. 
Finally, it should be remembered that a large number of strains, forming 
aggregate A in particular, show development, only 30% below the optimum, at 
4B.soc. while at 50°C. it is only 40% below. 
It may therefore rightly be considered, at least speaking generally, that the 
lactic ferments comprising the natural culture in whey have had to adapt to the 
environment, acquiring major thermophilia, so that they are capable of operating 
rapid biosynthesis already at temperatures between 48.5°C. and 50°C. For this 
acquired character they form a large aggregate of strains of L . helveticus, 
differing from others of the same species, and perhaps forming a proper and 
typical population for grana cheese. 
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Considering a few characters only, the following diagramcan be stretched to give 
an idea of the complexity of this microbial population: 
Biotyp<1:s 
A 
D 
CD 
E F 
G il 
M/\L' G/\L' 
%G t- C:37,7 
1 •. J.t /l ' t / 1(111 
!MAL- GAL' 
~L- GAL-
~T~ 
PA < 20 P/• ?0- 50 PA >50 
I \ r \ I \ 
DAJ>· Dt\P D!IP' DAP- DAP' J)Al'-
n 1\ r ~ n n r~ 
f c f c [c f c f. c ( c 
. · A C E E G: bLotyp<1:s CliL·I a D 1 H: GAL - biotypcs 
PA: d Citiifying p0wc1· 
Dl-d? : d .i a : ~t j :10 r!1imeJ j_r. ~lC' j t1 
f : fil~~<~!1tOtlS cc l Js c : shoJ:t isolated qe l Js 
With reference to the distribution of some biotypes, A and B, for instance, 
we have had occasion to ascertain that the dominant L. helveticus population 
in some whey starter is represented by biotypes A, in others by biotypes B only, 
and in still others by a mixed population. These characteristics emerged also 
from controls performed two or four months after the first, thus indicating two 
sufficiently definite realities, that is: 
a) the existence of whey starter differently characterized in the 
biotypes A and B; 
b) the possibility of preserving the biotypes with time. 
Of nine whey starters of different zones, examined at periodic intervals, two 
were always of biotype A, a second retained the biotype B, and the remaining six 
always showed the simultaneous presence of the two biotypes. The tenth whey 
starter indicated in table 9 by Z, presented dominance of strains with a com-
position in DNA bases non-typical for L. helveticus, strong acidifying power, 
high proteolytic power and xanthine-guanine sensitivity. 
For biotypes C and D, of which the acidifying power was considered, others exist 
in which strains of low acidifying power <<zo SH/100 ml) are strongly represented 
as, for instance, types Mp and Mb of the table, or even the whey starter Mt, 
Mea and Mba where they are dominant. Even strains with acidifying power from 
20 to 50 2H/100 ml assume a varied distribution and are dominant in whey Mcb and Ms. 
However, it does not appear on the whole that there is any relationship between 
the distribution of strains with different acidifying power and the acidity value 
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of the serum-ferment at the moment of the control. With reference to the three 
classes of different acidifying power, it may also be observed that they sre 
preserved during the year, although the distribution ratio changes over the twelve 
months. 
Turning to the proteolytic power, it has been observed that only 10% of the strains 
examined possess high proteolytic power and that they sre variously distributed in 
the whey starter, just like the strains of high acidifying power. However, an 
important fact is that whey starter can be found where the dominant population 
consists of very proteolytic and also highly acidifying strains. 
-
TABLE 9 
Distribution of biotypes A and B of strains with diaminopimelic acid 
in sera-ferment. 
~;~hey cul-t;u res 
·sampl.e ·c 
Jl.au 
Ht 
Mea 
Mp 
Hb 
Hcb 
Mco 
Hs 
lfba 
z (oooj 
. -·-~ 
(o) biotype A 
biot ype B 
(o oo bo~osed of 
b i o t ypes p res e nt(D) 
A 
. -\ ·. : " . 
+ 
. " ·- ~-
+ 
MAL - GAL+ 
NAL- GAL~ 
B A-tB 
+ 
~ : :- ~-
" + 
+ 
+ 
+ 
+ 
particular b iotype s 
•• ·t 
" 
%age stra i ns 
with DAP (0 0 ) 
. ~.~=: ' 0 
:. ·1 ~ 0 
0 
0 
14 
·15 
13 
.. 0 
0 
0 
'· 
di~ninopimel ic acid 
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TABLE 10 
DISTRIBUTION OF STRAINS WITH DIFFERENT ACIDIFYING 
POWER IN WHEY CULTURES. 
Mau 56 
Mt 44 
Mea . 64 
Mp 46 
Mb 50 
Mcb 64 
Mco 62 
. Ms 58 
Mba 58 
z 56 
t of .Croin> ''" ocidifying 
~ower expressed in _SH/100 ml 
-· ' 
<20 120(:~ > ,. 
10,0 8,.1 82,0 
61,0 29,0 10,0 
61,1 30,5 5,5 
51,0 21,0 28,0 
45,6 50,0 4,3 
29,4 62,6 8,0 
15,7 6,0 iS,3 
30,2 59,8 10,0 
65,2 22,7 ' 12,0 
6,0 4,6 89,4 
It is obvious that a very different situation will occur in cheese obtained from 
milk enriched with highly proteolytic lactic ferments compared to that prepared 
with poor proteolytic ferments. 
The distribution of strains forming biotypes E and F (with and without diaminopimelic 
acid) does not involve all the whey starter examined. Furthermore, only a small 
percentage of strains in a population contain diaminopimelic acid (see table 9). 
However, using long-term controls, it has been found that their presence, which 
varies' from 10% to 15% of the total population, remains sufficiently constant. 
Thus the comparison between the following whey starter could be of a certain 
interest, since it shows two very different situations: 
Whey culture Mb: 
~ PA < 20 (for 50%) --7 DAP- (for 85%) 
MAL- GAL---· 
-..,.,. PA 20750 (for 50%) ~ DAP+ (for 15%) 
Whey Cultures Mco: 
<. 20 (for 15%) ~ DAP- (for 85%) 
;> 50 (for 80%) ---'t DAP+ (for 15%) 
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Obviously other similar comparisons could be made but this would only serve to 
reinforce the result which indicates that each whey starter is a system on its 
own which is the sum of the intervention of various factors acting in different 
conditions - although perhaps only slightly so - in each environment but never-
theless sufficient to create complex and not easily repeatable associative 
relationship between the components of the lactic microflora. 
Naturally, we do not know if a more or less strict relationship exists between 
biotypical characters of the whey starter and the course of the cheese pro-
duction when the other factors and elements of the acidification process act at 
the optimal point. However, it appears logical to suppose that a whey starter 
with, for instance, the characteristics of that indicated with Mb, can play a 
much different role from that composed of highly acidifying and strongly proteolytic 
strains. 
D - Type of coagulant 
The increasing difficulty of finding stomachs of suckling calves to prepare a 
rennet rich in rennin, has led to experiments aimed at verifying the possibility 
of using coagulants diverse from the traditional ones. Those rich in pepsin have 
been studied more in depth than those of microbial origin and have already found 
a certain use in the preparation of grana cheese . 
The secondary hydrolytic processes involving nitrogenous substances and lipids , 
and due to the enzymes in the coagulants, represents a great problem since this 
cheese requires long ripening at a temperature never less than 15°C. It is not 
so much the coagul3ting ac tivity which must be known when choosing the preparation 
to use, but precisely these secondary activities which develop slowly with time . 
Coagulants of animal origin consisting of a mixture of rennin and pepsin of 
different origin, are certainly very interesting. 
Also on the basis of reports in the bibliography, it must be taken that in the 
first stage of coagulation the enzymatic lysis is always exerted on bond 105-106 
(phen.-mat.) of casein k, whatever the enzymatic coagulant used. This fact is 
explained by the specificity of the substrate consisting of the casein micelle, 
which is such as to offer a preferential site for the proteolytic action of the 
various rennets. Evaluation of the different coagulants used in place of calf 
rennet, is therefore aimed at any action which these principles may exert during 
the third stage of cheese-making, also taking into account the specific operations 
comprising the cheese-making technology of the various types of cheeses . Particular 
attention must be paid to the heat treatment conditions which are adopted in t he 
cheese-making cycle . 53-54°C maintained even for over an hour are parameters such 
as to inactivate both the coagulant and the proteolytic activities of rennets 
of animal origin (bovine and hog chymase and pepsin (Bottazzi, Corradini and 
Battistotti (35)). 
Thus, animal coagulants rich in pepsin can be used without side effects during 
ripening in the production of grana cheese . 
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E - Cheese-making in a multiple vat 
Finally, a new aspect of the technology of grana cheese is represented by the 
possibility of cheese-making in a multiple vat, that is, in a vat of greater 
capacity than those used at present. 
For instance, a solution studied by us consists in repeating up to four or six 
of the present modules , with automatic discharge of the curd at one end of the 
tank, and automatic cutting and banding of the mass. The following are the 
advantages which use of the multiple vat may give : 
a) greater ease of performance of cheese-making operations carried 
out in the vat; 
b) possibility of achieving greater uniformity of the curds; 
c) constant weight of the shapes; 
d) less working hours required; 
e) less labour required; 
f) the boiler operations can be completely mechanized; 
g) possibility of more rational organization of the cheese-making 
work cycles . 
In any case, lining up of large capacity boilers certainly deserves attention and 
should be undertaken, naturally respecting and with the intention of not changing 
the basic characteristics of grana cheese. Thus, knowing grana cheese, the 
solution for progress and greater rationalization of cheese-making must be studied 
without, however, causing technological interferences or disturbances affecting 
the product. 
CONCLUSIONS 
The aim of the present review is to briefly draw attention to some specific aspects 
of grana cheese production in order to enhance the originality of certain stages 
of the cheese-making technological cycles and, above all, to point out that new 
situations - the fruit of agricultural, animal husbandry and social evolutions -
provoke technical adjustments also in the cheese plant, and that these can be made 
without renouncing the characteristics of grana cheese which, as is known, are 
of high quality. 
It is certainly a forlorn hope to maintain tradition in the cheese plant when 
production involves great development. In other words, an appropriate technological 
cheese-making plan must correspond to a milk originating from cattle selection 
based mainly on quantity, which is the fruit of an increasingly complex feeding 
technique wherein silo- stored Indian corn s tored is increasingly the basis, which 
is influenced by free stabling, the length of the intervals between milking, the 
functioning of the automatic milking machines, the storage conditions and many 
other new situations. It is certainly wrong to desire unchangeable rules for a 
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raw material which acquires different properties with evolution of the production 
conditions. However, technological up-dating is absolutely necessary to safe-
guard the characteristics of grana cheese. 
The following plan offers an idea how different cheese-making technologies are 
followed in different grana cheese production areas, since different situations 
are found therein. 
MILK PRODUCTION 
a) Cattle feeding 
b) Milk collection 
CHEESE-MAKING STAGES 
Stage I. Preparation of the milk 
a) CREAMING 
A 
Excluding fodder stored in silos 
Milkings delivered separately 
1) Single processing of the milk from 
two milkings 
2) Creaming time of "evening" milk: 
15 hours 
3) Use of formaldehyde excluded 
4) Creaming in conventional pans 
b) PREPARATION OF THE MIXTURE 
Stage II. Coagulation 
Stage Ill. Processing of the curd 
a) VAT OPERATIONS 
b) SALTING 
c) RIPENING 
5) Use of natural cultures (whey cultures) 
6) Use of calf rennet 
7) In domed vat holding 1000 Kgs 
8) Break-up, cooking and drainage of 
serum (whey), obtaining curds of rice 
grain structure 
9) In brine 
10) Generally, in stores where temperature 
and relative humidity vary according 
to the season 
B 
With fodder from silos 
as in A 
1) 
2) 
3) 
4) 
5) 
6) 
7) 
8) 
9) 
10) 
Double processing 
Creaming time: 6 hrs . 
Use of formaldehyde 
as in A 
Use of natural cultures 
(whey cultures with 
formaldehyde) 
Use of calf rennet or other 
suitable coagulants 
In 1000 Kgs domed vat or 
multiple vat 
As in A 
As in A 
Generally in stores at 
constant temperature and 
humidity 
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c 
as in B 
as in A 
Double processing 
with activation 
Creaming time: 
90 min. 
Formaldehyde un-
necessary 
Possibility of 
creaming in cylin-
drical containers 
as in A 
as in B 
as in B 
as in A 
as in A 
as in B 
D 
as in B 
Milkings delivered previous 
partial cold storage 
Single processing with 
milk partially refrigerated 
and activation 
Creaming time: 90 min. to 
6 hours 
Use of formaldehyde in 
function of the creaming 
times 
Creaming in pans or cylin-
drical containers 
Use of whey cultures with 
formaldehyde or not 
as in B 
as in B 
as in A 
as in A 
as in B 
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The following paper was presented by Prof. Don Irvine, Department of Food 
Science, Guelph University, Guelph, Ontario, Canada, especially for the 11th 
Annual Marschall Invitational Italian Cheese Seminar held at the YOUTH BUILD-
ING, Dane County Exposition Center, Madison, Wisconsin, on May 7, 1974. 
THE COMPOSITION OF MILK AS IT AFFECTS THE YIELD OF CHEESE 
by Prof. Don Irvine 
In order to discuss the yield of cheese, it is necessary to talk about the com-
position of milk. You may wonder about the reason for discussing such a mundane 
topice as milk composition and you may well say that we can look this up in 
text books . It is amazing to look back in the literature and see the sparsity 
of data on which some of our predecessors based their data and formulae. I 
contend and I hope to show you the true composition of milk on which we can 
base a yield of cheese. No formula now exists that is suitable to express 
cheese yield. 
You may question some of the data in that it is from Ontario, Canada and is 
not applicable to your operation in the U.S. I contend that the data is 
similar in both countries; we have the same kinds of cows, the same bloodlines, 
the same climatic conditions, the same feed, etc. The data that will be pre-
sented is applicable to your cheese making operations. 
In Ontario, a great deal of work has been done regarding the composition of 
milk. In Ontario since 1969 we have been using an InfraRed Milk Analyzer to 
analyze the milk of each producer. The "IRMA" as the instrument is called, 
is an extremely accurate method of determining fat, protein and lactose. 
This instrument is more accurate than the Babcock test for fat and is also 
equally accurate for protein and lactose and has been approved for use by the 
A.O.A.C. 
Samples of milk of each producers milk, composite samples (preserved with 
potassium dichromate) are brought into a central laboratory in Guelph for 
analyses. This central laboratory has 9 IRMA machines that analyze each 
composite sample of every producer every two weeks. IRMA analyses the milk 
for fat, protein and lactose in 47 seconds. This data on each producer is 
recorded on an IBM computer and the record is used for payment. The milk 
is only paid for on the basis of fat at the present time but the records of 
protein and lactose are kept on the producers IBM card. We have available 
the complete bi-weekly records of each producer in Ontario since 1970. Each 
cheese factory can obtain a printout of the composition of the milk that he 
is receiving and paying for. 
I am convinced that the data you will see is the most accurate picture that 
can be obtained of our milk supply . It is not a research project based on 
a limited number of samples or for a limited portion of the year, but re-
presents 19,000 producers by-weekly analyses for a period of over 4 years . 
Let us look at the composition of Ontario milk . Fig. 1 indicates the per-
centage of fat, protein and lactose for 1970, 1971 and 1972. Fig. 2 indicates 
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the comparison between fluid and industrial milk during 1972. The lactose 
is relatively the same in both groups but there are wide differences in both 
the fat and protein and especially the protein. It is obvious from the figure 
that the protein in general follows the fat although there are major discre-
pancies. You will note that the protein starts at a high level until March 
and then drops rapidly until the end of April or May. Then the protein per-
cent increases, presumably when the cows go out to grass, reaching a peak in 
June and dropping to a low again in July and August after which is slowly 
rises until the end of the year. Although this is one year a look at other 
years indicate that this is the pattern of our industrial milk. 
Fig. 3 indicates a more detailed look at composition. Fig. 4 indicates the 
percent of casein and haw it varies during the year. As cheesemakers, what 
is our concern with these figures. We pay for the milk on a fat basis and 
yet the protein varies drastically from the fat content. A look at Fig . 2 
indicates the difference between Fluid and Industrial Milk. In fluid milk 
the cows freshen all during the year but in the Industrial pool the cows 
freshen largely in the spring. Fig. 5 indicates a typical pattern of milk 
composition of an industrial shipper. What has freshening to do with com-
position of milk? A look at the next few figures- 6, 7, 8, and 9 from our 
Milk Composition study indicates the percentages of fat, protein and lactose 
during lactation. It may be noticed that the low fat and protein occur 75 
days after calving. The lactose is at a high level after calving and de-
creases until the end of lactation. Fig. 9 indicates that the maximum milk 
production occurs in all breeds about 45 days after calving. So it can be 
seen that the low fat and protein occurring in April-May is due to the fact 
that many of the cows in our industrial pool freshen in spring and 75 days 
after this in May and June, reach their extremely low protein. And yet, 
this is the same time that we make most of our cheese when the protein con-
tent is lowest. What has protein to do with the yield of cheese? As you 
have seen, the protein is composed of about 76% casein. It is this casein 
that forms the curd with rennet and traps the fat. If there is low casein 
you cannot make cheese. The yield of cheese will be low if the casein 
content is low. 
Figs. 10 and 11 indicate the protein content of milk in one factory in Central 
Ontario . The cheesemaker complained for years about lack of yield and the 
government officials almost accused the cheesemaker of allowing cheese out 
of the back door. There is no way that this cheesemaker can make a profit 
during April, May and June. Audited records from this plant indicated that 
the yield of Ceddar cheese dropped below 8. 2 pounds of cheese per 100 lbs. 
of milk while the provincial average was over 8.6. A nearby factory re-
ceiving a large amount of diverted fluid milk obtained yields of 8.7 lbs. 
The yields that I have quoted are for Ceddar cheese but they apply equally 
well to Italian cheese although there will be some changes due to standari-
zation of the milk. 
Let us look at this imbalance in milk composition in another way. What does 
it cost for the milk to make a pound of cheese? A look at Fig. 12 indicat es 
the cost of milk to make a pound of cheddar cheese. The most expensive time 
of the year to make cheese is in May-June and in August. The best time of 
the year to make cheese is in November as far as milk composition is concerned. 
Let's look at this chart (Fig. 13) of a factory with low protein. This is what 
it cost him to make a pound of cheese. The cheesemaker is a good conscientious 
maker and has a fair yield of 9.2 lbs. per cwt in October and November. This 
high cost of milk in May-June is due entirely to the low protein and the similarly 
low casein . The changes in milk composition are just as important to you mak-
ing Italian cheese and when making Cheddar cheese. Certainly you standardize 
but unless you analyze your milk correctly and accurately you are going to do 
a poor job of standardizing. A standardizer may adjust for fat but it does not 
affect protein. You cannot standardize protein. I suggest to you that you 
look carefully at the protein content of your milk as it affects your yields 
and your profits. 
Fig. 14 represents the yield of cheese that may be expected from our industrial 
milk based on the fat and casein . 
Figs. 15 and 16 of two large cheese factories with audited records of cheese 
yield also indicate that fat plus protein do not accurately predict cheese 
yield. There is some relationship. 
Audited cheese factory yields of all the factories in Western Ontario (Fig . 17) 
indicate that there is a reasonable correlation between yield and the fat 
content. Western Ontario is an area where the milk is similar to fluid in 
that there is not a great deal of seasonal freshening . Fig. 18 for eastern 
Ontario indicates a great deal of variation particularly in May to September 
between the fat conten t and the yield of cheese. In Eastern Ontario there is 
a great deal of seasonal freshening as evidenced by t he tremendous increase 
in production in areas I and IV (Fig . 19). Where you get these large variations 
in seasonal freshening, the milk is out of line of cheesemaking and the cheese-
maker cannot make a profit. 
Milk varies a great deal in composition and the yield of cheese also varies 
a great deal. It is extremely important to know the composition of milk 
because it affects the amount of cheese that can be made from this milk 
whether it be Cheddar or Italian. Remember too that you are paying for the 
milk on the basis of the fat content, not on the basis of the cheese yielding 
capacity of that milk. 
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The following paper was presented by Dr. S. L. Tuckey, Emeritus Professor of 
Dairy Technology, Department of Food Science, University of Illinois, Urbana, 
Illinois, 61801, especially for the 11th Annual Marschall Invitational Italian 
Cheese Seminar at the Dane County Exposition Center, Madison, Wisconsin, on 
May 6 and 7, 1974. 
THE PHENOMENA OF CURD STRINGINESS AND ~~TTING 
by S. L. Tuckey 
The phenomena related to the stringiness and matting of cheese curd have been 
observed and have intrigued the imagination of cheese workers ever since cheese 
has been made. In this country, one of the earliest scientists to attempt to 
provide an explanation of these phenomena was L. L. Van Slyke at the New York 
Agricultural Experiment Station. Van Slyke along with E. B. Hart in 1902 and 
1903 published Bulletins 214 and 236 which attempted to provide an interpre-
tation of some of the observed chemical and physical changes in cheese during 
ripening. Very briefly his explanation was as follows: the fresh cheese curd 
formed by the action of rennet extract on the calcium caseinate complex of milk 
is insoluble in warm 5% sodium chloride. However, upon the development of 
lactic acid in the cheese curd, its solubility is increased. The fraction 
soluble in 5% sodium chloride was called "brine soluble protein." Its formation 
was due to a loss of calcium salts in the whey draining from the curd as acid 
in the curd increased. Furthermore the increase in the elastic properties, the 
formation of strings on a hot iron, and fibrous texture of the cheese was due 
to the increase in quantity of the brine solubles protein fraction which 
developed during matting and subsequent periods. 
Therefore, Van Slyke claimed that the desired changes were brought about through 
(1) the action of rennet extract on the casein of milk; (2) increase in acidity 
in whey (indirect effect) and (3) loss of calcium from curd. 
Now I wish to explain what we have done to analyze the protein fraction that 
Van Slyke called brine soluble protein. First of all we should understand 
something about the fine (internal) structure of caseins because this is going 
to help explain string or thread formation. Casein as it exists in milk is in 
the form of individual, separate, spherical particles of protein combined with 
calcium. Furthermore, to make it more complicated each single particle consists 
of three caseins: Alphas1-casein, Beta-Casein, and Kappa-Casein-- each with 
somewhat different chemical and physical properties. Kappa-Casein prevents 
Alphas! and Beta-Casein from flocculatingfthe presence of the soluble calcium 
in fresh milk. However, when rennet extract is added to milk, the enzyme acts 
on Kappa-casein bringing about chemical changes in the Kappa-Casein so that it 
is no longer able to prevent Alpha l and Beta-Casein from precipitating in the 
presence of calcium. Hence, the mi k clots and forms a curd. Furthermore, to 
make the structure still more complicated, each protein particle is made up of 
chains or strands of amino acids. The structure of this strand is like a coiled 
spring. We have many, many strands in a particle. They begin to unfold and 
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change shape as the rennet enzyme continues to attack the protein particle. 
This coiled spring in my hand, as I change its shapes illustrates, in a crude 
way, the possibilities of changes in shape from a spherical casein particle 
to one which is stretched or elongated. 
The following slides illustrate some of the points I have made: 
1. Pasteurized milk flowing into cheese vat -- casein appears to be 
continuous. 
2. Individual casein particles magnified in electron microscope. 
3. Casein particles clumped together in a three dimensional clot 
after rennet action. 
4. Beginning of matting of curd in cheese vat. 
5. Matted curd after 30 minutes. 
6. Matted Provolone curd showing the stretching and viscous flow of 
curd. Excellent example of the changes brought about by rennet 
action, and loss of calcium through acid development. 
7. Molding of curd in ~ water. Curd must be warm in order to flow. 
8. Electrophorectic patterns of cheese curd. 
a. standard casein 
b. cheese 5 hours after rennet added 
c. cheese 4 weeks after rennet added 
d. cheese 16 weeks after rennet added 
e. cheese 28 weeks after rennet added 
9. Densitometer plot of protein fractions after electrophorectic analysis 
of the brine soluble protein. 
lihat do the electrophorectic analytical patterns and their densitometer plots 
tell us about brine soluble protein? 
1. Brine soluble protein extracted from cheese, only 5 hours after rennet 
addition, has all the electrophorectic properties and has the same 
casein fractions as casein. Therefore, it is casein which has been 
altered slightly by rennin action to make the casein soluble in warm 5%. 
2. Change in casein components is continuous during aging of cheese. The 
Alphas! fraction is hydrolyzed most readily. New smaller fragments 
are formed from larger casein components. From this observation one 
would deduce that as the strands of proteins became shorter or smaller, 
the stringiness would also become less. This is what happens in the 
cheese -- as the cheese ages stringiness becomes less. Strings become 
shorter. 
Data taken from a thesis illustrate what we are talking about: 
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TAULE I 
Length of Continuous Strings in Inches Pulled from Melted Cheddar Cheese. 
Same Lot of Milk Standardized to Different Casein/Fat 
Ratios Was Used, For all Lots of Cheese. 
Control Low-Fat High-Fat High 
Age in Weeks Normal Com2. lli&h Casein Low Casein Calcium ~2xnormal) 
4 55 75 110 9 
8 216 (18 ft) 360 (30 ft) 60 (5 ft) 3 (1/4 ft) 
12 48 150 36 5 
16 120 150 30 4 
28 60 116 30 11 
(Above data from thesis by S. K. Gupta, "Changes in the Chemical and Physical 
Properties of the Proteins of Cheddar and Gouda Cheese During Aging." Univer-
sity of Illinois, Urbana, Illinois, 1971.) 
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The data show that: 
1. Stringiness tends to increase to maximum after a period (8 weeks) 
of aging and then decrease. 
2. Stringiness increases with increase of cas ein in milk . 
3. Stringiness decreases with increase of fat in milk . 
4. Stringiness de creases with increased amoun t s of calcium in milk. 
Stringiness is the result of the flow of the protein strands as they are pulled 
or pressed by matting. Stringiness does not represent elasticity because there 
is no return to the original shape as when a rubber band is stretched. String-
iness represents an irreversible elongation of protein strands of casein. 
Stringiness increases and then decreases upon aging of cheese. First, the 
strands are freed from the spherical casein particles which allows for maximum 
stretch; then stringiness is reduced as the strands are hydrolyzed into shorter 
and shorter particles as aging of the cheese progresses. 
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The following paper was presented by Mr. Robert Milkie, General 
Manager, Contract Engineering Division, The Delaval Separator 
Company, 5718 52 Street, Kenosha 53140, especially for the 11th 
Annual Marschall Invitational Italian Cheese Seminar held at the 
Dane County Exposition Center, Madison, Wisconsin on May 6 and 
May 7, 1974. 
A CONTRACT APPROACH TO PROJECT DEVELOPMENT 
by Robert Milkie 
The Italian Cheese Industry, like industry in general, is 
becoming much more complex in nature. I believe it's safe to 
say this industry is passing from a relatively small operation 
run by an artisan business man to automated high volume 
businesses which are operated by businessman artisans. 
With the changes in the business, individual companies are 
finding themselves involved in alterations of existing plants 
or design and development of new facilities. Today we would 
like to discuss a contract approach to project development. 
Why should you as management be interested in such an approach? 
As a particular company grows in size, it is more difficult 
for management to devote the time and effort required when a 
major operational revision is undertaken or an entirely new 
facility is planned and completed. Added to this situation, 
are the many requirements imposed by governmental agencies on 
new or revised facilities. Some of these agencies are: 
Environmental Protection Agency (EPA) 
Occupational Safety and Health Act (OSHA) 
USPA 
USDA 
State and Local Health Departments 
Federal Milk Market Administration 
Because of the problems and other complexities involved in 
project development, more and more, the food industry is turning 
to specialists and consultants for analyzing and preparing 
studies as guide lines for management decision, and then for 
taking responsibility for implementing the decision as contractors. 
Even the very large companies are relying less and less on in 
house personnel to handle the details of specific projects. 
Some reasons for such a trend are: 
1) Utilization of company operating personnel for new 
projects ofen results in dual losses and in inefficiencies. 
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First , most operating personnel have full time jobs, thus when 
they devote time to other pro j ects, the execution of their 
primary operating duties may suf f er. Second, many of these 
operating personnel l ack knowledge and experience in new 
project work, which may lead to designs and systems short of 
ideal. 
2) In private companies, especially, the individual in 
charge is elevated t o an abnormal level of importance, during 
the cours e of a project, i n relation to his normal level. This 
might mean survey trips and meeting with the owner, meeting 
with the bankers, bus i nes s luncheons, etc. When the project is 
completed and operations a s sume a normal profile, the in charge 
man may now be ba ck a t hi s day t o day , lack of top management 
contact, level of author ity , potentially creating dissatisfaction, 
disillusionment, and may l ead to loss of a valuable individual. 
3) Lack of on pay r ol l personnel with sufficient knowledge 
and experience t o cope with the involved technical aspects of 
project development. Because major projects may occur but once 
or t wice in a life time i n the average company, it is most 
difficult to develop thi s type of personnel in an operating 
company, and then the prob l em exists of what to do with this 
personnel after the project is completed . 
It would be reasonable to a ssume that many more potential 
problems could be enumerated . The qu estion then is, What can 
be done to circumvent these pr oblems ? 
One answer is to go to an outs i de group or f irm, g ivi ng them 
the responsibility for handling t he pro ject. This i s basically 
what this paper is about. 
If the correct group is s elected, they will have on staff 
personnel with the knowledge and experience to understand and 
interpret the clients needs i nto a pr oject design. The group 
will handle much of the r egulatory agency interface, and 
finally act as the contrac t or on a "turn-key" basis. An 
importan t point to make is the ·pre liminary design phase will 
requ ire a lot of in-feed i n format i on from the client. You 
know your needs and requirements be tter than anyone. It is the 
designers responsibility to interpret your needs into the best 
possible design under the condit i ons which exist. If the 
designer is establishing t he needs and requirements, there is 
something wrong, either t he designer is too agressive, or the 
owner (client) does not have a c lear cut idea of his needs and 
r equirement s . 
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What are the advantages to contracting an outside firm to 
handle project development: 
1) Company personnel are free to deal with operat i onal 
problems. 
2) In most instances, the group selected will have 
greater technical knowledge and experience than that available 
from in house staff. 
3) A single point of responsibility is established. 
4) Personnel with more intimate knowledge of regulatory 
agency requirements, and the experience required in resolving 
potential problems in this area is available to the client. 
S) Smoother trans ition thru the course of a pro j ect. 
6) An obj ective approach to project development which 
minimizes internal politics and personality situations. 
The attached chart s show several methods which might be used in 
organizing a project. One of these, perhaps with some 
modi fication should fit the needs for most any type or size 
project. 
In conclusion, monies spent in proper project design is an 
investment in the future, the usin& of a qualified organization 
to accomplish this design will enhance the return on this 
investment . 
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The following paper was presented by Prof. Truman F . Graf, Dairy Marketing 
Specialist, Department of Agricultural Economics, University of Wisconsin, Madison, 
Wisconsin 53706, especially for the 11th Annual Marschall Invitational Italian 
Cheese Seminar held at the YOUTH BUILDING, Dane County Exposition Center, Madison, 
Wisconsin on May 7, 1974 . 
THE FUTURE OUTLOOK FOR MILK AND MILK PRICES FOR CHEESE 
by Prof. Truman F. Graf 
INTRODUCTION 
Just two short months ago--in February 1974--farm milk prices for Italian cheese 
averaged $8.14 per cwt. in Wisconsin, $7.05 in New York, and $6.35 in California 
(3.5% butterfat test). With a $1.80 per cwt. "spread" between Wisconsin and 
California and $1.10 per cwt. spread between Wisconsin and New York, the midwest 
Italian cheese industry was in a real bind . 
Contrast this with farm milk prices for Italian cheese in late April 1974--$8.15 
per cwt. in both Wisconsin and New York and approximately $7.45 per cwt in Cali-
fornia. Now the midwest and east are equal in farm milk prices for Italian cheese, 
and the far west is only 70c per cwt. below the midwest. Furthermore, the net 
return on butter-powder in February was approximately $1.20 per cwt. less than 
on cheese, whereas now the net returns on these products are approximately the 
same. 
Why the rapid narrowing in milk price spreads between the midwest and two coasts, 
and in the net return on cheese compared to butter-powder? What do the changes 
foretell for the future of Italian cheese? 
GEOGRAPHIC AND PRODUCT PRICE SPREADS 
Price spreads between the midwest and east for cheese milk, narrowed because 
Federal milk order obligations on milk for cheese were equalized geographically 
in April 1974. Whereas eastern cheese milk formerly was obligated into Federal 
order pools at either the Minnesota-Wisconsin manufacturing milk price or the 
butter-powder formula price, whichever was lower, it is now obligated at the 
same level as the midwest--the Minnesota-Wisconsin price. This completely 
equalizes the $1.19 per cwt. advantage the east had in February when they had 
the butter-powder obligation on cheese milk, rather than the M-W obligation 
like the midwest had. Furthermore, the USDA has strongly asserted its inten-
tion to continue the geographic equalization in pool obligations on milk for 
cheese, with the objective of all orders requiring an obligation at the M-W 
price, rather than some at the M-W, and some at either the M-W or B-P whichever 
is lower. Thus, the disparity in milk prices between midwestern and eastern 
Italian cheese should be a thing of the past. 
The far west siguation is more complex. While March 1974 nationwide milk pro-
duction was down 3% from a year earlier, it was even-steven in Washington, up 1% 
in Oregon, and up 3% in California. 
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Recent sharp Class I price increases in California induced increased production 
in that state, but caused declines in fluid milk consumption. These developments 
in turn caused i nc reased surpluses in metropolitan areas, resulting in larger 
quantities being sold at less than premium prices to country plants for manufacture 
into Italian cheese, giving west coast Italian cheese an economic advantage over 
the midwest. 
The price obligation for milk used in cheese in California is s till at a butter-
powder formula , and therefore now 70¢ per cwt . less than in Federal order marke t s 
in the midwest and east, where the obligation is at the M-W price. However, a 
proposal is being considered to increase the California cheese obligation approxi-
mately 30¢ per cwt . over butter-powder, and will probably be adopted soon . This 
would narrow the spread to 40¢ per cwt . between the west, and the midwest and 
east, on farm milk prices for Italian cheese. 
Thus, the wide disparity be tween midwestern and western milk prices for Italian 
cheese are being reduced. 
Cheese and butter-powder net returns have equalized since February 1974 because 
nonfat dry milk powder prices rose some 13¢ per pound, while cheese prices 
dropped about 6¢ per pound. Current American cheese production is up 15% from 
a year ago, and cheese storage stocks are up about 40% since the beginning of 
the year. Since Italian cheese prices follow American cheese prices, the likeli-
hood for Italian cheese regaining the substantial advantage over butter-powde r 
it had earlier this year, appears slim or nonexistent. Instead, look for some 
conversion to butter-powder , away from cheese. 
PRQPUCTION AND CONSUMPTION OF ITALIAN CHEESE 
Italian cheese enjoyed a sensational growth in the 1960's and 70 ' s. Per capita 
consumption of Italian cheese tripled between 1960 and 1973, going from 1 to 
2 .95 pounds, while Mozerella quintupled--from .36 to 1.8 pounds . Meanwhile, per 
capita consumption of American cheese increased 50% (from 5.4 to 8 pounds) and 
Swiss cheese 60% (from .76 to 1 . 2 pounds). Per capita consumption of cheese 
increased 2.3% in 1973, while butter dropped 2%, fluid whole milk dropped 3 . 6%, 
and cottage cheese dropped 3 . 7% . 
Production of Italian cheese jump ed 7% in 1973, compar ed to a 1% increase for 
American cheese , a 6% decrease for Swiss cheese , a 13% decrease for nonfat dry 
milk, and a 16% decrease fo r butt er. 
Italian cheese will continue to perform well relative to other dairy products . 
Increased consumption of pizza and other foods using Italian cheese, increased 
home entertaining and "patio living, " and an increase proportion of meals 
"eaten out," will keep Italian cheese one of the best of the dairy product 
performers. Never theless, the future of Italian cheese is closely tiep to the 
future of the dairy industry . The $64 question on the future of dairying will 
largely determine the future of Italian cheese. 
DAIRY OUTLOOK 
Farm milk prices have gone up 36% in the past year and manufacturing milk prices 
have gone up 49%. Nevertheless the milk-feed ratio {pounds of feed a pound of 
milk can buy) is the lowest since 1965. Concentrate ratio cos ts alone have 
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risen 40% in the past year. Farmers' costs have risen so rapidly that many of 
the benefits from higher prices have been eroded. Bargaining for higher net 
returns will therefore be a key issue for dairymen in 1974-75. Superpools, 
standby pools, nonmember charges, minimum handler charges, improved promotion, 
and increased price supports are a few that will get major farm attention, and 
which Italian cheese people will have to live with. 
Dairy farmers are particularly incensed at the new 80% of parity price support 
level of $6.57 per hundredweight . With their rising costs, they felt they merited 
90% of parity--$7.38 per cwt . --to provide them with a fairer base if market prices 
drop. Now they ' re getting $8.15 per cwt. for manufacturing milk, so the price 
support level doesn't matter. But it will matter soon when milk prices drop in 
response to the decline in cheese and butter prices. Then farmers feel they will 
need a good price support base to cover their horrendous cost increases, and they 
are going to be working hard to get an increase in supports. If they're successful, 
it'll affect your raw product costs. 
Farmers are therefore shooting for higher milk prices to cover higher production 
costs . But will they get them? I say, no, at least not this year. The 1974 
farm milk prices will likely average at least SOc per cwt. below current levels. 
Why are milk prices more likely to drop than rise? To answer this, it's necessary 
to determine why they rose rather than dropped in- 1973 . Why indeed? Mainly for 
two reasons: (a) milk production fell--4% nationwide. (b) per capita consumption 
increased dramatically for key dairy items such as lowfat and skim milk, nonfat 
dry milk, and cheese, and held at the increased 1972 level for all dairy products 
combined. 
But 1974 promises to be a different kind of year. Milk production won't drop 4% 
in 1974, and in fact, may rise. Let's take Wisconsin as an example. Our drop in 
milk production was entirely because of decreased production per cow. If pro-
duction per cow had gone up as much as it did in the 1970-72 period (+5%), instead 
of dropping 4% as it did in the February 1972-74 period, February 1974 milk pro-
duction would have risen 5%, rather than dropping 3% from the previous year. The 
drop in production per cow was caused by feeding changes; in turn the result of 
poorer quality and higher priced feed. 
Barring poor weather, the feed crop promises to be considerably larger this year 
than last, with corn acreage up 10%, wheat acreage up 20%, and feed grain pro-
duction up an estimated 14%. Larger feed supplies will moderate feed prices, 
which will encourage heavier feeding, and more production per cow. Thus pro-
duction per cow promises to come back, and with it increased, rather than de-
creased milk production as we had last year. For example, February and March 
1974 production per cow was the same as in 1973, whereas a year ago we had a 
drop of 2.9% and .4% . Unless increased sale offset the increased production, 
farmers will face lower, not higher milk prices. 
The 1974 per capita dairy sales show signs of decreasing, rather than increasing. 
For example, fluid whole milk sales are down 9% so far this year, compared to 1973. 
Overall dairy product sales also appear to be on the decline in 1974, after ex-
periencing the first gains since 1955, in 1972 and 1973. Thus, 1974 ~airy sales 
figures will not be the plus factor for milk prices they were in 1973 . Higher 
retail prices, slackening gains in consumer income, and more unemployment will 
likely slow dairy sales in 1974. 
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Thus, instead of increased milk prices, farmers will be hard pressed to hold 
prices they now have. This is already being demonstrated as cheese prices 
dropped 6c per cwt. in the past 2 weeks, the equivalent of 60C per cwt. Farmers 
feel this is inequitable with the cost increases they're experiencing, but it's 
a fact of life for them--and you . 
DAIRY IMPORTS 
We have just come through a year in which Presidential proclamations increased 
dairy import quotas 265 million pounds from the previous level of 1 . 8 million 
pounds for nonfat dry milk, 64 million pounds (50%) for cheese, and 84 million 
pounds from a previous level of slightly over 2 million pounds for butter and 
butter-oil. 
Then on January 2 of this year, the President issued another proclamation 
authorizing 100 million pounds of additional imports over quotas of cheddar 
cheese, to be entered by March 31, 1974. Approximately 99 million of this 
total came in, yet cheese prices held steady through the deadline for these 
imports, and farm milk prices continued to climb. 
Early this year the U.S. Tariff Commission also recommended an additional 265 
million pounds of nonfat dry imports for calendar year 1974. On March 4, the 
President, through proclamation, authorized over one-half of these imports 
(150 million pounds) for the period ending June 30. 
Market prices are now reacting violently, and increased imports are at least 
a partial factor. As you all know, cheese prices dropped about 6C and butter 
prices about ll-l/2c per pound in the past 2 weeks. Nonfat dry milk prices 
are also ve ry shaky and expected to fall. 
Added imports in the past year of approximately 9% of U.S. butter and cheese 
production, and 28% of nonfat dry milk production, authorized through Presi-
dential proclamation, has helped create a glutted market . As indicated earlier, 
cheese storage stocks alone are up about 40% since the beginning of the year. 
Although the U.S. market was able to absorb the imported dairy supplies for 
about a year, the chickens have now come home to roost, and prices are tumbling. 
The U.S. dairy market is not immune from imports. Dairy imports can and do 
have a substantial adverse impact on the U.S. dairy industry. 
Last year the U.S. had 6 times more imports than exports of butter and nonfat 
dry milk powder, and 33 times more imports than exports of cheese. Dairy farmers 
view getting this ratio to drop as one of their major challenges. Imports are 
going to continue to be an extremely important issue to the U. S. dairy industry 
in terms of its future stability. 
It must be concluded the Administration supports the Flanigan-Atlantic Council 
reports recommendations to sacrifice up to 25% of the U.S. manufactured dairy 
product industry by importing these products from abroad, as a way of exporting 
more feed grains, even though it verbally disclaims such support. It probably 
does this as a misguided sop to consumers, hoping to hold down retail prices of 
dairy products. Unfortunately, this could backfire to the detri ment of not 
only the dairy industry, but also consumers. Adopting the Flanigan-Atlantic 
Council program resulting in reduced U.S. production of manufactured dairy 
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products and greater imports, would force the U. S. consumer to increasingly 
rely on foreign supplies, which are produced and processed less efficiently 
and are therefore higher priced than U.S. supplies, and compete with our products 
only because of export subsidies. But how long do you think foreign export 
subsidies would be continued after our production was curtailed because of 
foreign imports, and we had to rely on foreign supplies, rather than having 
the option as at present? When this moment in time arrives, we'll be in the same 
boat on dairy products we're now in on gas and oil, and consumers will have 
increased, not decreased, prices. In addition to creating chaos in the manu-
factured dairy produc t business, the dairy product import policy currently being 
implemented by the Administration, will likely result in just the opposite of 
its justification- -higher, not lower prices to U.S. consumers. 
The dairy industry cannot relax on the import issue--nothing much has changed . 
The Administration is still strongly for them . The drop in dairy product prices 
in the past few weeks is small compared to the drop which will occur with in-
creased imports . 
The 1973 milk production rose 2% in the European Economic Community, and 3% 
in Australia. Drought and poor quality feed ke~milk production down in New 
Zealand and Canada, but 1974 is a new year, and better weather could also 
boost production there too. The EEC raised milk support prices to $7.07 per 
cwt. for the 1974-75 marketing year--50¢ per cwt. above the U.S. support price. 
Increased production and these higher supports make resumption of EEC export 
subsidies on manufactured dairy products imminent. 
The EEC now has 400 million pounds of butter stocks, and recently sold 120 
million pounds to Russia for 19¢ per pound, with an 81¢ per pound export 
subsidy . The EEC also has 500 million pounds of nonfat dry milk in storage--
up 150 million pounds from a year ago . 
Last year Common Market countries had export subsidies of up to 9¢ per pound 
on skim-milk-powder, 28¢ per pound on processed cheese, 34¢ per pound on Swiss 
cheese, 34¢ per pound on dried whole milk, and 60¢ per pound on butter. Their 
import levies were up to 16¢ per pound on processed cheese, 38¢ per pound on 
cheddar cheese, 47¢ per pound on Swiss cheese, and 71¢ per pound on butter. 
Thus, if the U.S. is forced to buy manufactured dairy products from Common 
Market countries as proposed under the Flanigan-Atlantic Council programs, it 
would be buying them from a heavily protected market. 
Recent dropping of EEC export subsidies is temporary. They will be reimposed 
whenever it becomes advantageous to do so, which will be as soon as U.S . prices 
weaken. So unless you believe manufactured dairy product prices will hold at 
present levels indefinitely, be prepared for subsidized exports to under-cut 
your markets, unless administration policy toward dairy imports change. And 
there is no indication this policy will change. On the contrary, Administration 
policy appears to be going in the other direction. Based on current indicators, 
you will likely be faced with more dairy product competition from foreign 
countries. This will tend to hold down farm milk prices--but also prices on 
your products. 
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